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Background and justification 
H.N. Le Houérou 
The importance of browse trees and shrubs, especially in the arid, semi-arid and montane 
zones, is increasingly acknowledged throughout the world today, and more and more work is 
being carried out under various disciplines in this field. 
The major value of browse trees and shrubs is that they provide protein, vitamins and frequently 
mineral elements which are lacking in grassland pastures during the dry and/or cold season. 
They also enable standing feed reserves to be built up, so that herds are able to survive critical 
periods of shortfall or prolonged drought without losses. 
Moreover, browse species are an effective means of utilizing marginal land on which normal 
crop production is ineffectual owing to climatic, topographic or edaphic constraints. 
During the last 20 years many important research and development projects with a browse 
component have been implemented in various countries, in particular in Tunisia, Libya, Iran, 
Syria, Israel, France, Greece, Italy, Brazil, Chile, Mexico, the USA, Australia and South Africa. 
Although many studies have revealed the major importance of browse in tropical Africa, few 
research and development programmes have been devoted to this topic, so far. 
The aim of ILCA is to contribute to the promotion of research and development programmes on 
this subject since these will enable some major constraints to the development of the livestock 
sector in Africa to be lifted, especially as regards the drought evading strategies adopted in the 
Sahel and elsewhere. 
Knowledge of browse species and their utilization by animals in Africa is certainly by no means 
insignificant, but it has often been published sporadically or only in part, in scattered contexts, 
and it is often qualitative and distributed or rather buried in a mass of literature (including 
several hundred documents) which often deal with pastoral problems in a general manner. 
Moreover, a large proportion of this literature appears in the form of what have been called 
hidden documents, i.e. papers published in only a small number of copies, generally in mimeo 
form. 
It therefore seemed appropriate, and completely in accordance with ILCA's mandate to 
disseminate knowledge, to make a synthesis of these documents accessible to the largest 
possible number of people in ILCA's two working languages, English and French. 
I will now give a true example illustrating the reasons for holding this symposium. During the 
initial preparation phase in 1978 I asked a documentation service specializing in bibliographical 
searches to provide me with a list of references on browse trees and shrubs. After waiting many 
months I eventually received a list of 35 references, of which 5 had nothing to do with the 
subject concerned. If the present symposium has filled this gap, even if only partially, it will have 
achieved one of its objectives. 
The sharing of experience by 50 or so scientists and technicians who are authorities on the 
subject and come from different ecological areas and continents seemed a powerful means by 
which to rake up ideas and stimulate research so as to achieve the targets which ILCA has 
been assigned: in other words to eliminate constraints to the development of livestock 
production in tropical Africa. 
The interplay of ideas and experiences intended to allow better harmonization of methodologies 
and better coordination of research and extension programmes, so as to avoid as far as 
possible the duplication of work and promote better utilization of resources, as well as to initiate 
new cooperative programmes, exchange material and information, and finally, create 
awareness amongst decision makers and those responsible for defining livestock development 
and pastoral resource management policies. 
A further 10 communications have been added to those presented at the symposium, enabling 
certain subjects to be better covered. 
Overall, it seems reasonable to assume that the contributions presented in these proceedings 
represent the current state of knowledge on browse in Africa. 
Vast gaps in our knowledge still remain, and suggestions have been put forward to establish the 
priorities for research and international cooperation. 
Unfortunately, for purely material reasons it has been impossible to publish more than a 
summary of the lively discussions which took place over 5 days both during the working 
sessions and outside them. Nevertheless, the conclusions and recommendations, and their 
preamble, constitute what I believe to be a faithful reflection, although a highly condensed one, 
of the discussions and conclusions which emerged. 
  
II. Regional studies 
  Review papers 
A review of browse and its role in livestock production in 
southern Africa* 
B.H. Walker 
Department of Botany, University of the Witwatersrand, Johannesburg, South Africa 
1. Introduction 
The aim of this paper is to present a review of the above-ground biomass and nutritive value of 
browse in southern Africa, and its role in livestock production. The coverage is necessarily 
limited, firstly because a detailed account of all the different vegetation types is simply too vast 
and, secondly, because for some regions the data are not available. 
The review is therefore a selected coverage, restricted to those types and species deemed to 
be important either because they are very abundant or because they are palatable and valuable 
as a food source. The area covered (Figure 1) includes South Africa, Lesotho, Swaziland, 
South-West Africa (Namibia), Botswana, Zimbabwe and Mozambique. The map of the 
vegetation types distinguished for this review is derived from several sources, but chiefly from 
Acocks (1975) and Wild and Grandvaux-Barbosa (1967). 
 
Figure 1. Woody vegetation types of Southern Africa. 
S = Salisbury, B = Bulawayo, M = Maputo, 
J = Johannesburg, D = Durban, W = Windhoek. 
2. Major vegetation types and dominant woody species 
Eight major vegetation types have been distinguished for the purposes of this paper. Seven are 
shown in Figure 1, and the eighth is the rather specialized and restricted alluvial vegetation of all 
the rivers in the savanna regions. The grasslands, macchia, forests, pans and swamps are 
excluded, since they are insignificant from the point of view of browsing ungulates. 
The categories of vegetation are necessarily very broad and include many types which are in 
fact quite distinct. For example, Acocks (1975) gives a total of 72 main vegetation types for 
South Africa, of which 13 are savanna types, important for browse. He then distinguishes 56 
sub-divisions of this bush and savanna vegetation on the basis of floristic composition. 
2.1. Determinants of vegetation structure and composition 
The range of inherently different vegetation types can be largely accounted for by variation 
along two main gradients-rainfall and soil type. Soil type ranges from deep, sandy infertile soils 
(such as the Kalahari sand deposits) at one extreme to shallow and heavy-textured soils at the 
other. There is a minimum development of woody vegetation under dry conditions with shallow, 
clay soils, and it becomes increasingly important (as indicated in Figure 2) along these two 
gradients. 
 Figure 2. Approximate distribution of the major types of woody vegetation according to rainfall 
and soil texture. 
Deep, sandy soils with a rainfall greater than 700 mm give rise to closed woodland. In the drier 
regions (< 700 mm) an increase in the sand content of the soil leads to a marked increase in the 
ratio of the woody: grass vegetation. 
Human disturbance is a third major factor which cuts across these two gradients and gives rise 
to quite different vegetation types under otherwise similar conditions. In particular, fire has been 
a major tool in removing or opening up woodlands, and it is necessary to consider its role. 
Fire has been a natural feature of southern African savannas throughout their evolution (Phillips, 
1965, West, 1965), and the species have evolved mechanisms to cope with it, and benefit from 
it. It is, nevertheless, a major determinant of both the amount of woody vegetation and the 
species composition, in that less fire-tolerant species increase in abundance in the absence of 
fire. 
Natural fires are caused by lighting, and occur during the thunderstorms which mark the 
beginning of southern Africa's rainy season. They are, in fact, frequently doused by the 
rainstorms which follow. Man's use of fire has generally resulted in the vegetation being burned 
early in the dry season. The grass then flushes to produce a little green growth, which is heavily 
grazed. No root reserve replenishment can take place and the grasses die off again. This 
practice has greatly weakened the vigour of the grass sward, and resulted in an increase in the 
density of woody vegetation. Fires at the end of the dry season do minimal damage to grasses 
(which are still dormant) but can severely damage shrubs and trees, which have already 
flushed. 
Three aspects of fire are important in the context of this paper. 
i. Vegetation on sandy soils is much more tolerant to fire than that on heavy-textured, shallow 
soils. The former has a large, well-developed underground root system (up to 90% of the total 
biomass), and removal of the top-growth results in the removal of only a small proportion of the 
total plant nutrient reserves. In addition to the greater loss of reserves, the heavy-textured soils 
tend to form a surface cap when bare (Walker, 1974) and frequent fires, keeping the soil bare of 
litter, can cause a reduction in the proportion of rainfall which enters the soil. 
ii. In arid and semi-arid areas fire generally has an adverse effect, and lack of fire does not lead 
to the development of woodland (due to the soil moisture balance). 
iii. In moist savannas protection from fire leads to the accumulation of moribund grass and this 
increased fuel load results in intense fires, which damage all components of the vegetation. 
Frequent,  light fires keep much of the woody vegetation short, where it is available as browse. 
Furthermore, regrowth from woody vegetation after a fire (especially on sandy soils) is very 
vigorous, producing larger, softer and more palatable shoots. For example, Rushworth (1974) 
showed that the mean numbers of new coppice shoots per shrub, for six species in Kalahari 
sands, was 14.8 and 1.9 in a burned and unburned area, respectively. 
2.2 Description of the major vegetation types 
The following brief accounts are based on the more complete descriptions of Rattray (1961), 
Phillips (1969), Wild and Fernandes (1967), Acocks (1975) and Barnes (1979). In the lists of 
species under each type, the symbols T, S, TS and ST indicate that the species occurs as a 
tree, as a shrub, as a tree and to a lesser extent a shrub, and as a shrub and to a lesser extent 
a tree, respectively. 
2.2.1 The Karoo and karroid vegetation 
Acocks (1975) recognizes 38 sub-divisions of Karoo and karroid vegetation; a vast region 
(Figure 1) in which the production of sheep and goats is the main form of land use. In this 
account the mountain Karoo types are omitted, and the others are considered to comprise two 
main types. By far the larger is the Karoo proper together with the various other false (induced) 
Karoo types. The other is the rather specialized valley bushveld). 
2.2.1.1 The Karoo 
The Karoo is an arid, hot region with a rainfall ranging from 50 mm to 250 mm per annum. Much 
of the area receives the rain either in late summer or winter, enhancing the aridity of the 
summers. 
The vegetation consists of a low, sparse cover of succulent and non-succulent shrubs, with little 
grass. The region has deteriorated markedly over the past 100 years, owing to overgrazing by 
sheep. In some areas the Karoo has advanced up to 250 km eastwards into what was 
previously grassland. In general, the boundary of the karroid vegetation, as given in Figure 1, is 
now in the vicinity of longitude 26° E, between latitudes 28° and 33° S. The original boundary, 
as estimated by Acocks (1975), was in the vicinity, of longitude 24° E, some 200 km to the west. 
The floristic composition of the whole region is maintained by the grazing pressure, with a 
generally disproportionately high number of succulents which have increased at the expense of 
the more palatable non-succulents. It is a very rich flora, and only a few of the more 
characteristic species are listed below. 
Woody (W) and succulent (S): Pentizia spinescens (W), P. incana (W), P. globosa (W), P. 
lanata (W), Eriocephalus spinescens (W), E. ericoides (W), E. pubescens (W), Pteronia 
glauca (W), P. erythrochaeta (W), P. glomerata (W), Galenia fruticosa (W), Zygophyllum 
microphyllum (S), Sphalmanthus blandus (S), S. vigilans (S), Mesembryanthemum 
karrooënse (S), Psilocaulon utile (S),Ruschia multiflora (S). 
Grasses: Aristida spp., Tragus racemosa, Eragrostis lehmanniana, E. obtusa, Stipagrostis 
ciliata, S. obtusa, Oropetium capense, Sporobolus fimbdatus, and many more. 
2.2.1.2 Valley bushveld 
This vegetation type is restricted to the southern parts of the Eastern Cape Province of South 
Africa, and along river valleys up the East Coast where rainfall is in the vicinity of 500 mm per 
annum. 
It is a dense, shrub community with many succulents and a very subordinate grass layer. It has 
a total crown cover of c. 75% in the shrub layer (Aucamp, 1979). The dominant species 
are:Portulacaria afra, Capparis sepiaria, Rhigozum obovatum, Scutia myrtina, Brachylaena 
ilicifolia, Schotia afra, Pappea capensis, Grewia occidentalis, Euclea undulata, Ehretia rigida, 
Euphorbia bothae, Maytenus capitata. 
Owing to the reduced grass layer, it is used mainly as browse, by improved strains of goats. 
2.2.2 Arid shrub and tree savanna 
A heterogeneous mosaic of many communities, occurring at low altitudes (< 700 m) on a variety 
of soils though mainly sandy loams. The rainfall is low, from 300–500 mm, and temperatures 
are high. This type of vegetation, together with the distinctive Colophospermum mopane (with 
which it often forms a mosaic) constitute those areas of Zimbabwe and South Africa which are 
known as the "lowveld". 
As already mentioned, the soils range from sands to loams. With increasing clay content there 
is a transition to C. mopane. On the sandiest soils, small Terminalia sericea and Rhigozum sp. 
are dominant, and there is an increase in species of Acacia, Commiphora, 
Grewia and Combretum as the soil becomes more loamy. A single list of species is somewhat 
misleading, since some of the associations are quite distinct. nevertheless, the more abundant 
and important species are: 
Woody: Grewiaflava (S), Adansonia digitata (T), Commiphora pyracanthoides (S), Terminalia 
serfcea (S), T. prunioides (S), Rhigozum obovatum (S), Sesamnothamnus 
lugardii (S), Combretum apiculatum (S T), C. imberbe (T S), Boscia foetida (S), Acacia 
mellifera (S), A. erubescens (S), A. tortilis (S T), A. nigrescens, A luederitzii (S), A. karroo (T 
S), Dichrostachys cinerea (S). 
Grasses: Schmidtia pappophoroides, Eragrostis trichophora, Aristida congesta, Aristida spp., 
Enneapogon scoparius, Heteropogon contortus, Eragrostis superba, Bothriochloa radicans, 
Brachiaria nigropedata, Panicum maximum, Digitaria eriantha, Cenchrus ciliaris, Pterocarpus 
brenanii (S T), Dipkorhynchus condylocarpon (S T), Euclea undulata (S), Strychnos spp. (S 
T), Sterculia rogersii (T S). 
2.2.3 Colphospermum mopane 
It occurs in two main forms, namely woodland and tree shrub savanna. Well-developed 
woodland is restricted to the moister (c. 700 mm) Zambesi valley region and other, small 
isolated pockets. Of much greater significance for browse are mixed C. mopane tree and scrub 
savannas which occupy extensive areas in northern and central Botswana, the south and south-
east of Zimbabwe, western and central Mozambique and the north-eastern Transvaal in South 
Africa. 
It occurs almost exclusively on heavy textured soils, the few exceptions being sands underlain 
by clays, or saline sandy soils. 
Mopane veld (as it is known in southern Africa) is generally regarded as valuable browse, but 
(for cattle) generally rather low in production. Details are given in later sections. The leaves 
of C. mopaneitself have a very high tannin content when fresh, and are avoided by most 
ungulates. The dry leaves, however, are palatable and are picked up off the ground by cattle 
and wild ungulates. At irregular intervals of a few years outbreaks of the moth Gonimbrasia 
belina result in extensive areas of C. mopane being completely defoliated by the larvae. 
The major species in this vegetation type are as follows: 
Woody: C. mopane (T S), Acacia nigrescens (T S), A. tortilis (T S), Combretum apiculatum (T 
S), Kirkia acuminata (T), Dalbergia melanoxylon (T S), Commiphora africana S (T), Boscia 
albitrunca (T S), B. foetida (S), Cissus cornifolia (S), Dichrostachys cinerea (S), Ximenia 
americana S (T), Terminalia prunioides T (S), Grewia bicolor (S), G. flavescens (S), G. 
monticola (S). 
Grasses: Bothriochloa radicans, Schmidtia pappophoroides, Cenchrus ciliaris, Enneapogon 
scoparius, E. cenchroides, Eragrostis rigidior, E. superba, Aristida spp. 
2.2.4 Acacia associations 
Acacia species dominate over a wide range of soil and rainfall conditions, but for these 
purposes four areas are distinguished. The herbaceous species vary from area to area but the 
dominants are essentially the same. They are therefore given in only the first of the four types. 
2.2.4.1 The thornveld of south-west and central Zimbabwe, on clays and clay loams derived 
from basic rock with a rainfall from 500–600 mm. There are many species of Acacia, but the 
dominants are given below, followed by the most important associated species. 
A. nilotica (T S), A. karroo (T S), A. gerrardii (T S), A. rehmanniana (S T), Combretum 
apiculatum (T S), Combretum apiculatum (T S), C. hereroense(S), Ormocarpum 
trichocarpum (S), Sclerocarya caffra (T), Ziziphus mucronata (T), Grewia spp, (S). 
Grasses: Brachiaria nigropedata, Themeda triandra, Hyparrhenia spp., Heteropogon contortus, 
Cymbopogon plurinodis, Bothriochloa insculpta, Digitaria eriantha, Eragrostis spp. 
2.2.4.2 The extensive tree/shrub savannas of southern Botswana and the north-eastern Cape, 
occupying much of the central part of the Kalahari region. The soils are sandier than in the 
previous type, and the rainfall is generally less than 500 mm, and frequently around 300 mm. 
The vegetation is short and scrubby, with scattered trees. The dominant woody species are: 
Acacia erioloba T (S), A. leuderitzii (T S), A. mellifera S (T), A. hebeclada (S), A. karroo (T 
S), Boscia foetida (S), Commmiphora pyracanthoides S (T), Tarchonanthus 
camphoratus var litakunensis(S), Grewia flava (S), G. bicolor (S). 
2.2.4.3 The central and northern Transvaall in South Africa occurring on heavy textured soils 
with a rainfall between 500 and 700 mm. The dominant woody species are: 
Acacia tortilis (T S), A. nilotica (T S), A. karroo (S T), A. gerrardii (T S), A. robusta 
subsp. robusta S (T), Ziziphus mucronata (T), Grewia spp. (S), Ehretia rigida S (T). 
2.2.4.4 The Zululand thornveld, east of the Drakensberg mountains along the coastal zone, 
again mainly on heavy textured soils, with a rainfall between 500 and 700 mm. There are many 
differentAcacia species as well as a rich variety of associated sub-dominants, as follows: 
Acacia nilotica (T S), A. karro (T S), A. caffra (T S), A. gerrardii (T S), A. robusta (T S), A. 
sieberana (T S), Auphorbia ingens (S T), Sclerocarya caffra (T S), Albizzia versicolor (T 
S), Dichrostachys cinerea (S), Maytenus senegalensis (S), Cussonia spicata (T 
S), Spirostachys africana (T S), Dombeya rotundifolia (S T). 
2.2.5 Mixed tree and shrub savanna on sandy soils 
This is the most heterogeneous of the vegetation types recognized for this analysis. It occurs on 
sandy to sandy-loam soils, at higher altitudes than the arid shrub and tree savanna (> 700 m), 
with the rainfall varying from around 450 to 750 mm. Acocks (1975) recognizes two distinct sub-
divisions and these are perhaps worth noting. 
2.2.5.1 Combretum apiculatum savanna 
The soils are always very shallow and often stony. Small, dense, uniform trees (almost the 
junction of shrubs and trees) of C. apiculatum are dominant throughout. It characteristically 
occupies the ridges of undulating country, particularly in the drier and lower altitude regions. In 
this sense it fits more closely into the "lowveld" and mopane areas. It occurs over quite 
extensive areas on shallow, outcropping soils in a mosaic with the other sub-division of this 
type. The main woody species are: 
Combretum apiculatum (S T), Acacia caffra (S T), Dichrostachys cinerea (S), Ximenia 
caffra (S), Lannea discolor (S T), Kirkia acuminata (T), Sclerocarya caffra (T). 
2.2.5.2 Mixed Terminalia, Burkea, Combretum savanna 
This is an amalgam of four sub-divisions of Acocks (1975) and various other communities 
recognized by Wild and Fernandes (1967). It is a very variable mixture and does contain some 
quite distinct associations. They all occur, however, on sandy to sandy-loam soils. The number 
of woody species is very large, and there are well over a hundred that rate as important. The 
most significant and abundant of these, together with the more important grasses, are: 
Woody: Terminalia sericea (T S), Burkea africana (T S), Sclerocarya caffra (T), Combretum 
molle (T), C. apiculatum (T S), C. zeyheri (S T), Ochna pulchra (S), Grewia bicolor (S), G. 
flava (S),Grewia spp. (S), Mundulea sericea (S), Peltophorum africanum (T), Pterocarpus 
rotundifolia (S T), P.angolensis (T), Maytenus senegalensis (S), Pseudolachnostylis 
maprouneifolia (T S), Dombeya rotundiloia (S T), Piliostigma thronningii (T), Afzelia 
quantensis (T), Diospyros lycioides (S). 
Grasses: Aristida graciliflora, Aristida spp. Eragrostis pallens, 
Eragrostis spp., Stipagrostis uniplumis, Anthephora pubescens, Ditigaria eriantha, Brachiaria 
nigropedata, Loudetia simplex, Schmidtia pappophoroides. 
Of particular importance in this type is the presence in many sandy soil areas of the evergreen 
geophyte Dichapetalum cymosum. It contains monofluoracetate and is highly poisonous to 
ungulates. Wild herbivores do not eat it but cattle do, with the result that the areas where it 
occurs can only be used for cattle during the growing season (January–April), when it is 
completely over-shadowed by more palatable food. 
2.2.6 Baikiaea plurijuga woodlands 
B. plurijuga is the dominant tree occurring on the deep, aeolian sand deposits from the Kalahari 
which covered extensive areas of western Zimbabwe, northern Botswana and southern Zambia 
during the Pleistocene. Rainfall varies from c 600–1000 mm. The woodlands form a mosaic with 
patches of scrub, and the two components will be presented separately. 
2.2.6.1 Woodland 
The deep sands and relatively high rainfall give rise to a closed woodland with a canopy hight of 
around 10–15 m. The herbaceous and shrub layers are consequently greatly reduced in 
comparison to all the other types discussed thus far. B. plurijuga itself (known as "Rhodesian 
Teak") is useful as a timber tree but is unpalatable. These woodlands are therefore of little value 
as a source of browse, and serve mainly as sheltering areas for herbivores. The dominant 
woody species are: 
Baikiaea plurijuga (T), Guibortia coleosperma (T), Burkea africana (T), Pterocarpus angolensis 
(T), Lonchocarpus nelsii (T), Dialium engleranum (T), Ricinodendron rautenenii (T), Terminalia 
sericea (T S). 
2.2.6.2 Scrub 
Patches of mixed scrub, containing a large variety of woody species, occur in areas where 
woodland cannot develop (soil depth or frost pockets), and wherever the woodland has been 
removed, either by felling for timber or by fire. In contrast to the woodlands the scrub areas form 
a valuable supply of browse, and the value of the woody species is enhanced by the fact that 
the grasses on these sands are particularly coarse and unpalatable. The most important 
species are: 
Woody: Terminalia sericea (S), Baphia messaiensis (S), Combretum collinum (S), C. 
zeyheri (S), Bauhinia macrantha (S), Baikiae plurijuga (S), Ochna pulchra (S), Erythrophleum 
africanum (S),Croton pseudopulchellus (S), Acacia fleckii (S), A. ataxacdntha (S). 
Grasses: Aristida graciliflora, A. stipitata, Eragrostis pallens, Digitaria eriantha. 
The total number of species is very large. Rushworth (1975) recorded 56 woody and 172 
herbaceous species in two sites covering a few ha. 
The poisonous Dichapetalum cymosum described in the previous type also occurs throughout 
the Baikiaea area, and thus limits its usefulness for cattle ranching 
2.2.7 The Miombo region 
The miombo woodlands of central and southern Africa extend over a large area and include 
many different associations. Since this region will be dealt with in detail elsewhere in this 
symposium, it will be covered only briefly here. The characteristic genus of the region 
is Brachystegia. It does not extend south of around latitude 21 ° S, except for a coastal belt in 
Mozambique which reaches around latitude 26° S. 
Rainfall varies between ± 700 mm and 1500 mm, and soils vary from granite sands to basalt 
and dolerite derived clays. At the dry end of the spectrum the vegetation is dominated by B. 
boehmii and a rich variety of other tree and shrub species. It is an open woodland with a well-
developed herbaceous layer. With higher rainfall B. spiciformis dominates, together 
with Julbernardia globiflora and other tall trees. The vegetation is virtually a closed woodland 
with few shrubs and a sparse herbaceous layer. Where the ground water table is high a more 
open woodland results, usually dominated byParinari curatellifolia. 
Much of this region has been cleared of woody vegetation for arable crop production, or partially 
cleared and maintained in an open savanna or park-like form for cattle ranching. 
The total number of woody species is very large, and those given below are only a 
representative sample, including the most abundant, and some of the few palatable species. 
In general, the browse produced in the miombo region is less palatable to ungulates, and less 
valuable as a food source, than that in the drier vegetation types. With the exception of the 
"Chitemene" agriculture system of Zambia, and use by cattle of the new flush of leaves at the 
end of the dry season, it is not generally considered to make a significant contribution to 
livestock production. 
Woody: Brachystegia spiciformis (T), B. boehmii (T), B. glaucescens (T), Julbernardia globiflora 
(T), Parinari curatellifolia (T), Diplorhynchus condylocarpon (T S), Combretum molle (T S), 
Cussonia spicata (T), Uapaca kirkiana (T), Monotes glaber (T), Faurea saligna (T S), Albizzia 
antunesiana (T S), Strychnos spinosa (T S), Vangueria infausta (T S). 
Grasses*: Hyparrhenia spp., Hyperthelia dissoluta, Setaria sphacelata, Andropogon gayanus, 
Diheteropogon amplectens, Digitaria spp., Sporobolus pyramidalis, Brachiaria brizantha 
*Come in where woodland is cleared. 
2.2.8 Alluvial and riverine woodlands 
These occur throughout the entire region, and collectively constitute a most important 
vegetation type. The size and development of alluvia increase with increasing length of the river, 
and consequently they are most significant in the lower altitude regions which have drained the 
higher plateaux. The rivers here are larger, and they are mostly in the arid regions. Alluvial 
vegetation is of particular importance in wildlife regions, where it supplies a vital food source 
during the dry season. The dominant trees are large and spectacular, and many of them 
produce edible fruits and pods. Some of the more important species are: 
Woody: Cordyla africana (T), Xanthocercis zambesiaca (T), Kigelia africana (T), Acacia albida 
(T), A. xanthophlosa (T), A. nigrescens (T), Combretum imberbe (T), Trichelia emetica (T), 
Lonchocarpus capassa (T), Acacia tortilts (T), Combretum mossambicense (S), Schotia 
brachypetala (T), Figus sycamoris (T), F. capensis (T), Ficus spp. (T), Dispyros mespiliformis 
(T), Garcinia livingstonii (T), Salvadore persica (S), Canthium sp. (S), Balanites aegyptiaca (S).  
Grasses: Panicum maximum, Urochloa mossambicense, Digitaria spp., Setaria sphacelata. 
3. Biomass and seasonal production of woody vegetation 
Although there is a considerable amount of information on the biomass and productivity of the 
grass layer in all vegetation types in southern Africa, there is very little on the woody vegetation. 
It is unfortunate that in the many clearing and thinning experiments which have been conducted, 
the amount of woody material removed was not recorded. However, a few studies have been 
conducted which span the range of vegetation types being considered, and which give a 
reasonable overall view. Their results are presented below, according to the vegetation type in 
which they were conducted. 
An important point must be made before any of the results from case studies are considered. 
The initial flush of leaves and twigs, which represents the major seasonal above-ground 
increase in biomass, is in fact not growth. It is a relocation of material stored in the roots and 
other storage organs during the previous season. Growth begins after the flush, and the current 
seasonal production of photosynthate is largely moved away from the growing points to branch, 
stem and roots. The common reference to early season growth and productivity is therefore 
misleading, and the results presented below should be interpreted with this in mind. 
3.1 "Valley Bushveld" (Karroid) (Aucamp 1979, Aucamp et al, 1978). 
The study was conducted in a particular area in which the succulent shrub Portulacaria 
afra made up 74% of the biomass. Total biomass was 50000 kg ha-1. 
Biomass available as browse was 2000 kg ha-1 (4% of the total). This small percentage is due to 
the extremely dense and spiny nature of the vegetation. 
Growth of the vegetation is slow, and P. afra took 275 days to recover to its original biomass 
after a 50% defoliation. 
The rainfall in the Valley Bushveld is higher than in the Karoo proper, and the latter is now also 
much degraded through overgrazing and soil erosion. Biomass and seasonal production of the 
Karoo are therefore much less, though no data are available. 
3.2 Colophospermum mopane and arid shrub and tree savanna (Kelly and 
Walker, 1976) 
The area concerned fits best into the C. mapane vegetation type, but it grades into the arid 
savanna type and includes many shrub species from the latter. To some extent it therefore 
represents both of these types. The study involved a comparison of production on differently 
managed sites, and the results demonstrate that production varies strongly due both to inherent 
site differences (mainly soil depth) and to management. 
Nine sites were examined under four degrees of utilization, viz. nil (a tsetse fly control corridor), 
light (game reserve), moderate (commercial cattle ranch) and intense (subsistence agriculture 
with cattle and goats). Above-ground biomass is given in Table 1. 
Table 1. Above-ground standing crop in kg ha-1under different degrees of utilization in an arid 
shrub and tree savanna in southeastern Zimbabwe rainfall = c. 500 mm per annum. 
  Degree of 
Use 
Nil Light Moderate Intense 
Above-ground 
biomass 
Site No 1 2 3 4 5 6 7 8 9 
Trees   18 101   6 750 18 173   9 766 25 623 21 728 28 246 8 967 20 556 
Shrubs     3 266   1 976   2 040   1 338   2 672   3 214   2 536    800   1 495 
Total woody   21 367   8 726 20 213 11104 28 295 24 295 30 782 9 767 22 051 
Herbaceous 
(incl. sub 
shrubs) 
    2 235   1 581   2 358   1 843   1 427   1 057   1 792 1 300   1 201 
TOTAL   23 602 10 307 22 571 12 947 29 722 25 999 32 574 11 
067 
23 252 
Source: Kelly and Walker (1976) 
Seasonal and daily production of leaves and twigs (from the first rain until maximum standing 
crop), which represents the total amount of browse produced, are presented in Table 2. The two 
years of data for the herbaceous layer are included in a comparative measure, and to indicate 
the large interseasonal variation. (It is interesting to note that the combined production of leaves 
and twigs is approximately equal to the production of herbaceous vegetation which accounted 
for 52%, on average, of total seasonal production). Despite having a much lower standing crop 
than the trees, shrubs contributed 61% of the total woody production. 
 
 
  
Table 2. Arid shrub and tree savanna. Above-ground seasonal production (s p, kg ha-1 season-1) 
and daily productivity (d p, g-2 m d-1) of woody species leaves and twigs in 1971-72. 
Degree of 
Utilization 
Site Herbaceous Shrubs Trees Total 
Woody 
    1970-71 1971-72       
    SP DP SP DP SP DP SP DP 
Nil 1   650 2 084 781 .41 1 340 .71 2 121 1.12 
  2   773 1 371 508 .27    534 .28 1 042 .55 
Light 3 1 165 2 347 503 .26 1 339 .70 1 842 .97 
  4    965 1 821 334 .18    806 .42 1 141 .60 
  5 1 117 1 422 681 .36    954 .50 1 635 .86 
Moderate 6 1 187 1 011 801 .42    836 .44 1 637 .86 
  7 – 1 776 787 .41    920 .48 1 707 .90 
Intense 8   262 1 294 172 .09    422 .22    594 .31 
  9   228 1 181 340 .18 1 498 .79 1 837 .97 
Source: Kelly and Walker (1976). 
3.3 Colophospermum mopane (Martin 1974) 
This area of C. mopane occurs in west-central Zimbabwe with a slightly higher rainfall (400-600 
mm) on deeper soils. The vegetation is better developed than in the previous area and the total 
standing crop of woody material was estimated to be much higher, at 67 783 kg ha-1. Of this; 
however, only 2528 kg ha-1 was current growth (leaf and twigs), which is just slightly higher than 
the value obtained for the first site. 95.8% of the total biomass was wood. 
The herbaceous production in this site varied from 345 to 1010 kg ha-1 between two successive 
years. It is at best less than half the leaf and twig biomass. 
Shrubs (< 2.5 m) and fallen living trees made up c 3% of the total woody biomass. Much of the 
remaining 97% would therefore be unavailable to browsing ungulates. 
3.4 Mixed tree and shrub savanna 
These findings come from the South African Savanna Ecosystem Projects at Nylsvley, which is 
a large multidisciplinary study in the Northern Transvaal of South Africa. The site is dominated 
byBurkea africana, with Terminalia sericea and Ochna pulchra being very abundant. Soils are 
very sandy and rainfall is c. 700 mm per annum. Rutherford (1979a) has described the biomass 
structure of the woody vegetation in detail, and the following account is extracted from his work. 
The overall structure of the biomass is given in Table 3. The percentage contributions of wood, 
twig and leaf exclude Grewia spp. (which have a very different morphology). 
Table 3. Overall above-ground woody biomass of mixed tree and shrub savanna, dominated 
by Burkea africana, in sandy soil in the northern Transvaal, South Africa. Rainfall = 700 mm per 
annum. 
Tree Shrub   Total 
Wood 13 493 (93.7%) 1 444 (77.4%) 14 937 
Twigs     135 ( 0.9%)    101 ( 5.4%)     236 
Leaf     773 ( 5.4%)    327 (17.5%) 1 100 
Total 14 402 1 827 16 273 
Dead Wood          ( 7.5%)         (27.1%)   
Source: Rutherford (1979a). 
The total woody biomass of 16 237 kg ha-1 is somewhat less than the 21367 kg ha-1 described 
for the first C. mopane site, and much less than occurred in the second one, but Rutherford (op. 
cit.) describes a different Burkea africana community in South West Africa (Namibia), where 
total biomass was 22 290 kg ha-1. 
A feature of all these savanna areas is the large spatial variation. Leaf area index of woody 
plants for the Nylsvley site varied from just less than 0.6 to 1.1 between adjacent transects. 
It is again interesting to note that, as in the first savanna example, the combined production of 
leaves (1 100 kg ha-1) and twigs (236 kg ha-1) is approximately equal to the production of the 
herbaceous layer (c 1400 kg ha-1). 
The contribution of shrubs to the total woody biomass was 12% for this Burkea savanna, and 
11% for the first Colophospermus savanna. 
3.5 Shrub vegetation of Kalahari sand deposits (Bailiaiae plurijuga 
vegetation type) (Rushworth 1975). 
This study was conducted in the Wankie National park, Zimbabwe, in shrub vegetation 
dominated by Tenninalia sericea, but with many other species. The rainfall is around 600 mm 
per annum. 
The values presented here are the averaged values of Rushworth's (op. cit.) burned and 
unburned sites, since they were in most cases not significantly different. 
The total biomass and above-and below-ground biomass of the vegetation are presented in 
Table 4. Perhaps the most noteworthy feature of this vegetation is the very high proportion of 
the woody vegetation which is below ground. The below-ground measurements were 
furthermore only made to a depth of 0.5 m, so they are actually an underestimate. 
  
Table 4. Biomass structure (in kg ha-1) of shrub vegetation dominated by Terminalia 
sericea within the Baikiaea plurijuga vegetation type in Wankie National Park, Zimbabwe. 
Rainfall= c.600 per annum. 
  Above ground Below ground Total 
  Woody Grass Woody Grass Woody Grass 
May 6 651 (14.2%) 1 049 40 184 (85.8%) 1 091 46 835 2 140 
August 3 356 (10.0%)    661 30 200 (90.0%)    689 33 560 1 350 
December 10 696 (17.1%)    816 51 854 (82.9%)    849 62 550 1 665 
Mean 5 137 (13.8%)    845 (49%) 32 088 (86.2%)    880 (51%) 37 225 1 725 
Source: Rushworth (1975). 
For the above-ground woody vegetation, leaf biomass made up an average of 31.6% of the 
total, and stems made up 67.4%. This compares to corresponding values of 23% and 77% for 
the shrub layer in the Burkea savanna and around 20% and 80% for 
the Colophospermum savanna. 
Above-ground woody biomass (mean of 5 225 kg/ha-1) is much less than for the other two 
savanna vegetation types, owing to the fact that there were no trees. With regard to leaf 
biomass, however, this vegetation type produced 1 810 kg/ ha-1, compared to c. 1 500 kg/ha-1 in 
the first Colophospermum community, 2 528 kg/ha-1 in the second, and 1100 kg/ha-1 in 
the Burkea community. If one considers leaves available to browsing ungulates (i.e. excluding 
trees) then these three figures drop to c 650, 76 and 327, respectively. Maximum leaf biomass 
of shrubs amounted to around 2 l/2 times the biomass of the herbaceous layer (c 700 kg/ha-1). 
It is difficult to compare the biomass of the savanna types with that of the Valley Bushveld, as 
the latter is an unusually dense, woody community. The annual production of the Valley 
Bushveld, though, is low (c.f. the rate of regrowth), and the percentage with 
second C. mopane area, where most of the biomass was wood, in the form of large trees. In the 
savannas, unlike the Valley Bushveld, much of the leaf material below c 2.5 m is available. 
3.6 Dry miombo woodland (Martin 1974) 
This is the same study which produced the C. mopane biomass described in section 3 above. 
Rainfall is slightly higher (c 600 mm), and soils are sandy. The total biomass was 22 257 kg/ha-
1 of which 21 161 kg/ha-1 was woody vegetation. The biomass of current woody growth (leaves + 
twigs) was 1 150 kg/ ha-1 (half that for the C. mopane), and the herbaceous production was 1096 
and 1679 kg/ha-1 in two successive years. Shrubs (< 2.5 m high) and fallen, living trees made up 
c. 8% of the total woody biomass. Much of the remaining 92% would therefore be unavailable to 
ungulates. 
3.7 Alluvial vegetation along the Lutope River, Sengwa Research Area, 
Zimbabwe. Rainfall = c 500 mm (Goodman 1974) 
This study concerned vegetation production and feeding ecology of wild herbivores, and paid 
particular attention to the distribution of available plant biomass at different heights above the 
ground. The averaged results from three sites are presented in Table 5. 
  
Table 5.Vertical distribution of available plant biomass (kg ha-1) in an open alluvial woodland in 
west-central Zimbabwe. 
  Herbaceous Woody (ht. above ground) 
  Grass Forbs 0–1m 1–2.5m 2.5–5m >5m Total Woody 
May 3 107 730 119 268 163 1 141 1 691 
Sept 2 842 513 105 252 345 1 153 1 855 
Jan 3 663 450 259 482 389 1 124 2 254 
Source: Goodman (1974) 
Each plant was assessed for the proportion of its biomass which was available to a browsing 
ungulate, and the total amount adjusted accordingly. The values in Table 5 are therefore not 
comparable to those in the preceding studies. A significant finding of the study was that the 
woody vegetation supplies much less utilizable fodder than does the herbaceous layer (virtually 
all of which is available to grazers). If one considers that very few animals can use material 
above 2.5 m, then the woody vegetation supplies only around one-tenth of the amount of food 
available in the herbaceous layer. This helps to explain the relatively small proportion of the 
biomass of natural communities of wild ungulates which is comprised of browsers. 
3.7.1 Estimation of woody biomass and production 
In four of the studies just described regression equations were developed to estimate biomass 
and production from various measures, such as stem area, plant height, canopy volume, etc. 
While many of them are fairly similar in form, it is apparent that each species needs to be 
examined separately. There are too many for presentation in this paper, but most of them are 
either given in or referenced in the review by Rutherford (1979b). 
It is again emphasized that no one has yet accurately measured woody vegetation production. 
The initial leaf flush does not constitute production and quantitative data for the amount of 
material translocated to the roots, and lost from there as a result of exudation, leaching and fine 
root mortality, are lacking for any African savannas. What has been measured is some 
proportion of this, in the form of above-ground biomass increments (reflecting previous season's 
effects), together with some rather dubious estimates of root mass (with little regard to species 
or live: dead ratios). 
4. Chemical composition and nutrient value of browse 
Information on the chemical composition of browse in southern Africa is highly selective, and 
scanty. A number of the references which are available are not worth including as they give 
values based on a single sample—which is completely inadequate and serves only to confuse 
the picture. In this review I have chosen not to present the data species by species, but rather 
by vegetation types. This is because, for southern Africa as a whole, the variation within a 
species (between different areas) can be far greater than between species within one 
community. A recent species by species review, giving data for 31 species, has been compiled 
as part of a countrywide assessment project for Botswana (DHV Consulting Engineers 1979). 
The review includes data from all over southern Africa, and highlights the variability between 
areas (and presumably analytical laboratories). 
4.1 Karroid vegetation 
Table 6 is a selection from the fairly comprehensive list by Louw et al (1968), giving only the 
more common species for which three or more samples were available. These authors present 
data on a further seven elements, but since the Karoo is only marginally included in this review, 
and is of least interest in this symposium, they are not presented. In general there are very big 
differences between species in all chemical components. Crude protein varies from around 5% 
to 20%, and is generally about 3% higher (in the same species) in summer than it is in winter. 
Table 6. Average chemical composition of selected north-western karoo species. 
 
In the second form of Karroid vegetation the valley bushveld, Aucamp (1979) has shown that 
crude protein ranges from a minimum of 10.5% in September–November to 14.5% in February–
May. In another study, Aucamp et al (1978) used oesophageal fistulated Angora and Boer goats 
to determine the quality of the food they selected. The composition of their diets did not vary 
much over a year, and the mean values are presented in Table 7. Crude protein varied from 
10.1% (October) to 17.1% (March) for Boer goats, and from 9.4% (October) to 17.8% (March) 
for Angora goats. Metabolizable energy remains high all year, and the selected diet allows for 
high animal performance all year. 
Table 7. Food quality of valley bushveld browse as selected by Boer and Angora goats. 
  CPa 
(%) 
DCPb 
(%) 
CEc 
(MJ kg-1') 
DEd 
(%) 
MEe 
(MJ kg-1) 
DDMf 
(%) 
Boer goat 12.6 67.5 19.6 44.6 5.9 44.0 
Angora goat 12.3 67.0 19.3 46.5 6.2 46.1 
aCrude protein, bdigestible crude protein, ccrude energy, ddigestible energy, emetabolizable 
energy, fdigestible dry matter. Source: Aucamp et al (1978). 
4.2 Arid shrub and tree savanna, and Colophospermum mopane 
Barnes (1979) presents data on the crude protein and digestion coefficients for same common 
browse species in southeastern Zimbabwe. They are presented here in Table 8. 
Table 8. Crude protein of leaves and twigs and digestibility of leaves of common browse 
species in an arid shrub savanna in southeastern Zimbabwe. 
Species Crude protein (% of dry matter) Digestion coefficient for leaves (%) 
  Leaves Twigs Crude Protein Dry Matter 
Melhania acuminata 15.9 6.9 71.1 48.6 
Grewia flavescens 15.1 6.9 70.1 53.5 
Grewia sp. 14.4 7.4 69.2 35.3 
Combretum apiculatum 12.8 6.5 66.6 47.4 
Colophospermum mopane 12.3 5.0 65.6 41.3 
Commiphora mollis 10.9 5.1 62.4 46.1 
Source: Barnes (1979) 
Two points are particularly noteworthy: Firstly, the crude protein of the leaves is generally high, 
and usually more than twice that of the twigs. Secondly, the digestibility of the leaves as a whole 
(determined by in vitro digestion) is low. Considering that the digestibility of the crude protein 
content is quite high, it means that the digestibility of the remaining constituents is even lower 
than the values given under "dry matter" would suggest. According to Barnes (op. cit.) this 
indicates that these browse plants are primarily useful as a source of protein, and not as a 
source of energy. 
Further data for this vegetation type are presented in Table 9. Crude protein values for these 
species are comparable to those in Table 8, and demonstrate the marked seasonal changes. 
Protein and mineral elements are in highest concentration in the early growing season 
(November to January), and are lowest at the end of the dry season. The January and May data 
are included for comparison with the data in subsequent tables. 
Table 9. Chemical composition of selected browse species from arid and mixed savanna in the 
Northern Transvaal, South Africa. 
Species % 
Crude 
protein 
% 
Ether 
extract 
% 
Crude Fibre 
% 
CA 
% 
P 
Acacia erioloba 12.1 1.63 32.0 0.99 0.26 
Boscia albitrunca JAN 17.0   32.5 1.61 0.12 
                         MAY 13.4   31.5 1.10 0.07 
                        MIN 12.5   23.7 0.84 0.06 
                       MAX 18.8   37.3 1.61 0.12 
Colaphospemum 
mopane              JAN 
13.7   28.1 1.51 0.19 
                        MAY 11.4   25.6 2.28 0.20 
                      MAX 16.6   28.1 3.23 0.23 
                    MIN 8.4   21.9 1.15 0.12 
Combretum apiculatum       JAN 14.0   24.7 1.36 0.24 
                  MAY 10.3   31.3 1.56 0.12 
              MAY 15.2   45.1 2.63 0.24 
         MIN 5.1   34.7 1.08 0.06 
Dichrostachys cinerea 10.4   26.7   0:45 
Acacia nilotica 12.9   15.2     
Grewia flava 11.5   30.7 1.56 0.14 
Grewia occidentalis 13.2   31.0 1.96 0.14 
Olea africana 10.9   22.6 3.39 0.21 
Tarchonanthus camphorates 10.6   25.5 2.00 0.30 
Rhus lancea 12.9   22.3     
Source: Bousma (1976) 
4.3 Mixed tree and shrub savanna 
There are no comprehensive data for this vegetation type, although many of the species occur 
in other vegetation types as well and have been analysed there. Bate (1979) has determined 
the nitrogen content of species in the Burkea savanna of the Northern Transvaal. By multiplying 
these values by 6.25, the crude protein of the leaves can be obtained. The seasonal pattern for 
the three dominant woody species is presented in Table 10. 
Table 10.Seasonal change in percentage crude protein of the leaves of the three dominant 
species in the Burkea (mixed tree and shrub) savanna, South Africa. 
  % Crude protein 
  Oct–Dec Feb–April July–Aug 
Burkea africana 15 12 6 
Ochna pulchra 15 9 3 
terminalia sericea 9 9 2 
Source: adapted from Bate (1979) 
4.4 Shrub vegetation in the Baikaiae plurijuga region 
For the shrub communities described in Sections 2.6 and 3.4, the overall chemical composition 
of the leaves + twigs is given in Table 11. The values are comparable with those given earlier, 
but it is interesting to note the very high levels of crude protein in September. This point will be 
dealt with in the next section. 
Table 11. Overall chemical composition of shoots (leaves + twigs, as % dry wt.) In shrub 
vegetation on Kalahari sands, Zimbabwe. The range is given in parentheses. 
Month Ash Crude 
Protein 
Ether 
Extract 
Crude 
Fibre 
N-Free 
Extract 
Ca Mg K P 
February 4.7 
 
 
(1.6–9.0) 
16.8 
(9.5–
23.9) 
2.9 
(0.8-4.4) 
26.0 
(17.0-
37.4) 
49.7 
(35.6–
61.2) 
0.94 
(0.36–
1.45) 
– 
– 
– 
– 
0.19 
(0.14–
0.30) 
May 4.3 
(2.2–6.7) 
14.7 
(10.6–
22.4) 
2.8 
(1.0–
7.9) 
28.9 
(15.8–
40.8) 
49.0 
(29.9–
68.9) 
0.88 
(0.27-
1.69) 
0.24 
(0.13–
0.40) 
0.93 
(0.5–
1.7) 
0.10 
 
(0.04–
0.15) 
September 4.3 
(2.4–6.1) 
22.0 
(12.8–
39.4) 
1.9 
(0.8–
4.0) 
23.0 
(15.1–
34.6) 
48.8 
(28.6–
67.6) 
0.71 
(0.17–
1.61) 
0.22 
(0.11–
0.3) 
1.25 
(0.6–
2.26) 
0.26 
(0.17–
0.40) 
January 4.2 
(1.6-8.6) 
17.4 
(12.6–
24.8) 
2.7 
(1.1–
7.31 
31.5 
(17.3–
40.5) 
44.3 
(29.1–
57.5) 
– 
– 
– 
– 
– 
– 
– 
 
– 
Source: Rushworth (1975) 
The composition of shoots (twigs + leaves) of individual species in the dry and wet season is 
given in Table 12. Marked differences occur between species in both the macro-components 
and the individual elements. In particular, the percentage of Ca is very variable. The 
composition of the stems of these same species is given in Table 13. Crude protein values are 
still fairly high, though much less than for leaves and twigs. Ether extract is lower, as is the N-
Free extract, but the percentage crude fibre is much higher. The concentration of Ca in the 
stems is also higher than it is in the leaves. 
Table 12. Chemical composition of shoots (leaves + twigs) of selected species from the shrub 
vegetation in table 11. D= dry season, w = wet season. 
Species Season % 
Ash 
% Crude 
protein 
% 
Ether 
extract 
% 
Crude 
fibre 
% N-
Free 
extract 
% Ca % Mg % K % P 
Acacia ataxacantha D 3.5 14.2 4.4 15.8 62.1 0.93 0.28 0.76 0.10 
  W 4.6 18.7 1.9 17.3 57.5         
A. fleckii D 6.7 18.5 3.5 21.1 50.2 1.61 0.36 0.83 0.10 
  W 5.2 23.6 2.5 22.5 46.2         
Baikiaea plurijuga D 2.3 20.4 2.9 28.7 45.7 0.28 0.13 0.93 0.15 
  W 2.6 21.0 3.2 40.0 33.2         
Baphia massaiensis D 3.1 19.0 1.9 33.0 43.0 0.57 0.16 1.02 0.10 
  W 2.8 17.9 2.0 32.8 44.5         
Bauhinia macrantha D 4.9 13.3 1.9 25.1 54.8 1.49 0.31 0.80 0.10 
  W 3.3 17.7 1.6 30.7 46.7         
Burkea africana D 2.2 12.5 1.5 27.1 56.7 0.46 0.14 0.78 0.07 
  W 1.6 14.9 1.9 33.9 47.7         
Combretum collinum D 6.1 13.2 2.5 20.5 57.3 1.69 0.35 0.88 0.09 
  W 4.3 14.9 3.4 21.6 55.8         
C. Zeyheri D 4.9 11.3 2.9 28.8 47.9 0.92 0.23 0.98 0.09 
  W 3.6 16.5 2.2 26.3 51.4         
Croton 
pseudopulchellis 
D 4.2 11.2 7.9 26.1 50.6 0.7 0.19 1.7 0.11 
  W 6.4 12.6 5.0 25:5 50.5         
Erythrophleum 
africanum 
D 2.0 14.8 6.5 34.3 42.4 0.27 0.18 0.72 0.09 
  W 2.0 16.3 7.3 37.6 36.8         
Lonchocarpus nelsii D 5.7 22.4 1.5 40.5 29.9 0.92 0.20 1.18 0.13 
  W 5.0 24.8 2.3 38.8 29.1         
Ochna pulchra D 2.4 10.6 1.0 36.0 50.0 0.75 0.15 0.53 0.09 
  W 1.7 12.9 1.4 40.5 43.5         
Pterocarpus 
angolensis 
D 4.2 14.8 1.2 31.8 48.0 0.95 0.40 1.09 0.10 
  W 3.9 20.4 2.4 38.4 34.9         
Terminalia sericea D 3.4 10.6 1.3 15.8 68.9 0.63 0.22 0.82 0.08 
  W 2.7 17.2 3.4 22.7 54.0         
Dichapetalum 
cymosum 
D 6.7 15.9 1.9 36.6 38.9 0.83 0.29 1.09 0.08 
  W 8.6 14.3 1.1 34.7 41.3         
D. rhodesicum D 6.6 12.6 1.7 40.8 38.3 1.09 0.23 0.88 0.04 
  W 8.4 14.4 1.9 39.9 35.4         
                      
Table 13. Chemical composition of the stems of the species included in table 12. 
Species % 
Ash 
% Crude 
protein 
% 
Ether 
protein 
% 
Crude 
fibre 
% N-
Free 
extract 
% Ca % 
Mg 
% K % P 
Acacia ataxacantha 3.1 15.8 1.8 41.7 37.6 2.62 0.14 0.58 0.10 
A. fleckii 4.5 11.0 2.3 53.7 28.5 4.94 0.39 0.34 0.05 
Baikiaea plurijuga 2.5 8.3 2.7 49.5 37.0 1.30 0.19 0.66 0.12 
Baphia massaiensis 2.6 10.8 2.5 47.7 36.4 1.31 0.08 0.83 0.08 
Bauhinia macrantha 3.4 5.7 2.5 50.2 38.2 2.44 0.22 0.48 0.06 
Burkea africana 1.9 8.6 2.5 46.1 40.9 0.98 0.15 0.56 0.10 
Combretum collinum 4.7 6.9 2.2 47.5 38.7 4.49 0.32 0.53 0.09 
Combretum zeyheri 3.0 5.1 2.8 55.1 34.0 2.52 0.19 0.49 0.08 
Croton pseudopulchel-lus 2.4 7.6 2.1 65.3 22.6 1.50 0.14 0.56 0.06 
Erythrophleu-m africanum 2.5 8.9 1.3 37.8 49.5 0.38 0.14 0.68 0.08 
Lonchocarpus- nelsii 6.3 14.4 2.4 50.0 26.9 3.60 0.22 1.15 0.15 
Ochna pulchra 3.3 8.3 1.7 41.4 45.3 1.34 0.18 0.60 0.10 
Pterocarpus angolensis 3.9 8.5 2.2 38.3 47.1 0.51 0.16 1.39 0.05 
Tenninalia sericea 4.1 4.0 0.9 62.4 28.6 2.64 0.17 0.60 0.05 
Dichapetalum cymosum 5.7 11.1 1.1 48.9 33.2 0.70 – 1.4 0.10 
Dichapetalum rhodesicum 2.7 14.0 1.5 45.9 35.9 0.60 – 1.1 0.20 
Overall mean % 3.5 9.3 2.0 48.8 36.3 1.98 0.19 0.75 0.09 
Range % 1.9–
6.3 
4.0–15.8 0.9–
2.8 
37.8–
65.3 
22.6–
49.5 
0.3–
4.94 
0.08–
0.39 
0.34–
1.40 
0.05–
0.2 
4.5 The miombo woodlands  
Considering the extent of this vegetation type, in which woody plants are so dominant, there are 
surprisingly few data on the chemical composition of the species concerned. Rees (1974) has 
presented the most comprehensive set, for the Northern Province of Zambia. Table 14 presents 
a summary of her findings. 
Table 14. Digestible Dry Matter (DDM) and Crude Protein (CP) content of browse selected by 
cattle in a Miombo region in northern Zambia 
Species Growth August October 
    DDM (%) CP (%) DDM (%) CP (%) 
Baphia bequarti new 61.5 28.1 57.1 23.5 
Brachystegia glaberrima old 33.8 9.6     
  new     34.4 12.0 
B. spiciformis old 59.6 10.6     
  new     52.1 18.3 
B. utilis old 54.7 10.2     
  new     46.4 17.8 
Diplorhynchus condylocarpon old 57.7   7.6     
  new     62.7 15.2 
Julbernardia paniculata old 54.8 11.1     
  new 61.0 12.2 57.4 11.3 
Monotes spp. old 55.7   7.7     
  new     41.8 12.3 
Ochthocosmus lemaireanus old 38.2   9.1     
  new 45.9 11.3 66.4 15.3 
Parinari curatellifolia old 42.1   9.2     
  new 49.9 10.2 39.0 11.2 
Uapaca nitida old 51.5   8.9     
  new 54.9 11.9 64.6 18.9 
Grass       3.0     3.0 
Source: adapted from Rees (1974) 
The results are similar to those for the arid savanna and Baikiaea shrub communities. Rees (op. 
cit.) uses Alderman's (1966) relationship to derive metabolizable energy (ME) from digestible 
dry matter (DDM). The values of ME range from 1.23 to 2.41 kcal kg-1 
In general, protein content of southern African browse is high, but only around half of the dry 
matter is digestible. Mineral content is high, with K or Ca being highest at around 1 to 1.5%, 
followed by Mg at around 0.2 to 0.4%, and then P at around 0.1%. 
5. Utilization and palatability of woody vegetation 
As demonstrated in the previous section, the proportion of woody vegetation made up by leaves 
and new twigs is very low. In addition, owing to the morphology and size of woody plants, only a 
relatively small proportion of the leaves and twigs are available to browsing ungulates. The use 
of total woody biomass is consequently generally less than 1%. In shrub communities, however, 
the use of current annual growth can be much higher, and there is evidence that high levels of 
use have a deleterious effect on woody plant growth. 
Taylor and Walker (1978) compared the cattle and game sections of a ranch in an arid shrub 
and tree savanna in southeastern Zimbabwe, and showed that a mixed population of browsing 
and grazing game animals resulted in a significantly lower density of small woody plants (3.5 m–2) 
than occurred in the same plant community stocked with cattle and a few game animals (4.2 m–
2). In three different plant communities, the mean percentage utilization of all available browse 
was 7.9% in the cattle section and 17.2% in the game·section. Donaldson (1978), in 
a C. mopane savanna in Southern Africa, has also shown that goats control the density of 
woody plants, allowing a greater biomass of grass for cattle production. 
There are marked differences in the palatability of woody species, and the mean utilization 
value of 17.2% just quoted was made up of values ranging between 0 and 64%. It is significant 
that the less abundant species were utilized most, suggesting that at high stocking rates, 
browsing animals may alter the woody species composition to something which is less 
favourable to them. Martin (1974) showed an extreme case in a C. mopane community, where 
there were 1.6 kg/ha available of the shrub Combretum mossambicense, of which 86% was 
utilized, and over 2000 kg/ha–1 of C. mopaneavailable, of which about 1% was utilized. 
Palatability of the same species varies from one vegetation type to another, and the literature is 
full of apparent contradictions as to which species are palatable (and therefore valuable) and 
which are not. Nevertheless, there is a general tendency for the most palatable species to be 
selected wherever they occur. The total list of woody species which have been recorded as 
being eaten by large herbivores is by now very long, and it would serve no useful purpose to 
present it. I have therefore eliminated those species which have a very restricted distribution, or 
are very rare, or are generally unpalatable. Some species of low palatability are included 
because they are very abundant, and therefore still contribute significantly to herbivore diets 
(e.g. Brachystegia spiciformis). 
The indicated palatabilities in Table 15 can only be used as a rough guide. Some authors (e.g. 
Field, 1978) claim quite different results, but I have based them on a general survey of the 
literature (particularly Taylor, 1973, Martin, 1974, Grunow, 1980, and the authors they quote) 
and on my own observations. The list undoubtedly needs to be enlarged, and the indicated 
palatabilities refined. The list is based on the palatability of the leaves and twigs since these 
provide by far the bulk of the food. Some species, however, are particularly important because 
of their fruits or seeds. Notable amongst these are Acacia erioloba, A. albida (large pods) and 
many other Acacia species, such as A. nilotica, which have very palatable, smaller pods. The 
large fleshy fruits of Sclerocarya caffra, Uapaca kirkiana and Ficus species contribute a 
substantial amount but for only a very short period. The smaller fruits of species such 
as Ziziphus mucronata and the Grewia species dry out and remain on the branches, providing a 
smaller but prolonged food source. 
Table 15.The more important Browse species in southern Africa, excluding the Karoo and 
Succulent 
3 = very palatable, 2 = palatable, l = eaten but not selected 0 = unpalatable, v= occurs in the 
vegetation type but browse value not known. Two symbols separated by a / indicate that both 
degrees of palatability have been noted. 
Vegetation type 
Species Arid 
savanna 
C.Mopane Acaciasavanna Mixed 
savanna 
Baikiaeashrub Miombo Alluvium 
Acacia albida             2/3 
A. ataxacantha v   v 1 1   V 
A. erioloba     2 2     1 
A. karoo 2   2 2   2   
A. nigrescens 1 1 1       V 
A. nilotica     1 1       
A. tortilis 2 2 2 2     3/2 
Albizzia harveyi 1   v 1     2 
Balanites 
aegyptiaca 
2 1           
B. maughamii 2 2         3 
Baphia 
massaiensis 
        1     
Bauhinia 
macrantha 
      1 2 1   
Boscia albitrunca 2 2 v         
Brachystegia spp.           1/0   
Burkea africana       1/0 1 1/2   
Canthium gilfillani       3       
Capparis 
tomentosa 
1/3 1   v     3/1 
Colophospermum 
mopane 
1 1/2 1         
Combretum 
apiculatum 
2 2 1 1/2       
C. eleagnoides 1 2   1       
C. fragans 2 3           
C. hereroense v     1       
C. imberbe 1   1       v 
C. mossambicense 3           3/2 
C. molle       2/3   2   
C. zeyheri       2 2 2   
Commiphora 
africana 
2 2 v         
C. mollis 1     1       
c. pyracanthoides 1 1           
Dalbergia 
melanoxylon 
2 2 2         
Dichrostachys 
cinerea 
2/0 1 1 v 2     
Diospyros 
mespiliformis 
1   v       v 
Dombeya 
rotundifolia 
      1   v   
Diplorhynchus 
condylocarpon 
      3 2 3   
Euclea divinorum 0/1 0   0       
E. undulata 0   v 2   v   
Erythrophleum 
africanum 
      v 1 v   
Erythroxylum 
zambesiacum 
  2   v     2 
Friesodelsia 
obovata 
  2         2 
Gardenia 
spatulifolia 
3   2       2 
Grewia bicolor 1 2 1 2       
G. flava 3   1 2       
G.flavescens 2 2 1 1   1   
G. monticola 1   v 1   v   
Julbernardia 
globiflora 
          2/1   
Kirkia acuminata 0 0           
Lannea discolor     1 v v 2   
L. stuhlmannii 2 3/2 v         
Lonchocarpus 
capassa 
3 3 2       1/3 
Maerua parvifolia 1 1 1         
Maytenus 
heterophylla 
      2       
M. senegalensis 0/1             
Monotes glaber           1/2   
Mundulea sericea       3       
Ochna pulchra       0 1 v   
Pappea capensis 2     2       
Piliostigma 
thonningii 
    2 2   2   
Pseudolachnostylis 
maprouneifolia 
      1   2   
Pterocarpus 
brenanii 
1 1           
Schotia 
brachypetala 
2           2 
Securidaca 
longipenduculata 
      2   2   
Securinega virosa       2   2   
Sclerocarya caffra 2/1 2 1 1       
Strychnos innocua 2 2           
S. pungens       3       
S. spinosa 0/1     0/1   1   
Terminalia 
prunioides 
v 1   v       
T. sericea 0     0/1 0/1 0   
Vitex mombassae       v   1   
Ximenia 
americanum 
2 2/3 2/3       2 
X. caffra       2     v 
Ziziphus 
mucronata 
2/0   2 2   v   
The degree of utilization of woody species (assuming some constant stocking rate) is a function 
of their relative palatability, their growth form and the structures of the herbivore community. 
Palatability is a complex characteristic and there is no single factor which can be used to assess 
it. Characteristics which seem to be positively related to it are crude protein content, a high 
percentage of minerals (especially Na) and moisture content. Negative characteristics include a 
high fibre content and the presence of tannis and aromatic substances. 
Growth form can influence the degree of browsing by allowing some maximum amount of use 
beyond which the remaining browse is unobtainable, either through height or a physical barrier. 
The thorns of Acacias are an obvious example, but species such as Gardenia spatulifolia, 
Balanites spp. and Carissa bispinosa, all of which have thick woody spines, are much more 
effective in limiting browsing. 
The structure of the herbivore community can be complex in a wildlife area, but is a function of 
the proportion of cattle and goats in farming areas. Goodman (1975) examined the relationship 
between the structure of a wild ungulate community and the degree of browse, utilization in five 
layers, in an alluvial vegetation. The mean overall percentage utilization, over all plant species, 
decreased from 15.5% between/-lm, to 12.2% between 1–2.5m, to 3.0% between 2.5–5.0m. 
The proportion of available browse, on the other hand, increased with height above ground, 
from 0.23 to0.42 and then dropped slightly to 0.35 at the highest level. This relationship agreed 
with the results from feeding observations weighted by animal biomass, which showed that 
85.4% of browse was taken from the 0–lm layer, 10.4 from the 1–2.5m layer and 4.2% from the 
2.5–5m layer. This clearly demonstrates that there was an imbalance in the relationship 
between herbivore and vegetation biomass, and that one or both would have to change over 
time, assuming that this degree of utilization is high enough to significantly affect the growth of 
the woody plants. Matching the herbivore community to the vegetation structure is essential if a 
stable system is to be achieved. 
6. The role of browse in livestock production 
In the Karoo and Valley Bushveld livestock production is necessarily based almost entirely on 
browse. Grass does contribute significantly in much of the false Karoo, but soil erosion has 
been such that it is doubtful if a grassland will ever be restored. In the Karoo proper shrubs are 
the best adapted plants and will remain the dominant vegetation. Climate and soils in the valley 
bushveld are conducive to the dense succulent type of vegetation which occurs there, and to 
attempt to replace it with grass would be prohibitively expensive, or would fail. 
It is perhaps not surprising, therefore, that the one area in southern Africa where non-grasses 
are planted for livestock fodder is in the Karoo. On an area basis, the spineless cactus (Opuntia 
ficus-indica) is by far the most important. There are some 50 000–60 000 ha of this species, 
which have been planted mainly as a fodder reserve in times of drought (Dr G. de Kock, pers. 
comm.). Recently, however, there has been a change towards planting species of 
saltbush (Atriplex spp) which are considered to be a more palatable and valuable fodder. 
In the savannas of southern Africa, however, livestock production is based essentially on grass, 
with browse playing a supplementary role to varying degrees. 
In the wetter savannas the best form of land use is either arable cropping or (for livestock) 
clearing the woody vegetation and grazing the area with cattle. Barnes (1979) has shown that 
three ans shrub clearing (particularly shrubs) results in up to 400% increase in grass growth. 
Where the rainfall is above about 750mm, and where capital and management expertise are 
available, then it is desirable to remove the woody vegetation and introduce legumes into the 
grassland, or to replace the natural grassland with improved, fertilized pastures. However, when 
economics dictate the use of natural vegetation then, even in these wetter savannas, browse 
can play an important role. The woody vegetation needs to be thinned, and then reduced in 
height, as described by Rees (1974) for Zambia. 
In the semi-arid and arid savannas it is uneconomical to clear the woody vegetation, and without 
irrigation fertilized pastures are not possible. The carrying capacity of the vegetation is such that 
the increased returns from the extra grass which results from clearing may not even cover the 
cost of clearing. A major problem has been the increase in woody scrub vegetation which has 
resulted from the replacement of a mixed herbivore community, which made considerable use 
of the woody vegetation and controlled its density (cf. Taylor and Walker 1978), by cattle. In 
addition, overgrazing has weakened the competitive effect of the grasses, and further enhanced 
the growth of woody plants. Control of woody plants is therefore a prime objective over vast 
areas of these rangelands. Complete removal of the shrubs, however, is not only uneconomical, 
but undesirable, as woody plants have a number of advantages in this region. Four in particular 
are pertinent here. 
1. The time of the new leaf flush. The woody vegetation breaks dormancy and begins to 
produce the new season's flush of leaves from August to October (depending on species 
and region), well before the rains begin. Grass growth only begins with the rains in 
November. For 2–3 months, therefore, at the time when grass biomass and quality are 
minimal, the woody vegetation produces a high quality food source. This period 
coincides with late pregnancy in most ungulates, and the browse is consequently critical. 
During this period it has its highest food value and is most palatable.  
 
It is interesting to note that the development of new leaves is very rapid, and does not 
constitute growth as such. It is a redistribution of stored carbohydrate and protein from 
the roots and woody tissue, and is independent of rainfall. 
2. Food quality. The crude protein content of most browse is generally considerably higher 
than that for the grasses at all times other than the early growing season (cf. Section 4). 
The grass layer supplies a surfeit of energy but is usually limiting in protein supply. 
3. Vegetation stability. Both woody and grass vegetation are adversely affected by drought, 
and in bad years some plants will always die. Generally, however, the woody vegetation 
varies less inter-seasonally. Furthermore, because a) woody litter remains for longer 
than grass litter (Kelly and Walker, 1976), and b) even if new leaf growth is much 
reduced the existing structure of the woody biomass remains essentially the same, the 
woody component provides protection to the soil from wind and splash erosion, which is 
particularly important during dry periods when the grass cover declines. It must be 
emphasised, however, that the grass sward is far more efficient at soil protection and 
enhancing rainfall infiltration. The value of the woody vegetation lies in the bad years 
when the grass cover fails. Finally, because of their growth form trees, and even shrubs, 
cannot normally be completely consumed, and they therefore provide a minimum plant 
reserve for subsequent recovery. 
4. The influence of tree canopies on grass species composition, Barnes (1979) has shown 
that although removal of woody plants leads to higher grass production, this is often 
accompanied by a change to less palatable grasses. Grossman and Grunow (1980) 
divided the grasses of the Burkea (mixed tree) savanna into fodder and non-fodder 
species, and found that although total grass biomass was much higher in open areas 
without trees, the biomass of the fodder grasses was about the same.  
 
From all the existing evidence it is apparent that there is some optimum ratio of woody: 
grass vegetation, and that complete clearing is undesirable. The optimum ratio depends 
on the types of plant species, and also on the herbivores. 
Conclusion 
In searching for the best of livestock production in the drier savannas of southern Africa, an 
essential pre-requisite is the inclusion of browsing animals—both to take advantage of and to 
control the woody vegetation. Elsewhere (Walker, 1979) I have reviewed the evidence for and 
against game ranching, and have concluded (along with others) that pure game ranching is 
inferior to cattle ranching. The ideal form of use seems to be a combination of cattle and game. 
Veterinary restrictions, which up to now have prohibited it, can be overcome, particularly where 
browsers are to be re-introduced. This development needs both short and long-term objectives. 
In the short-term there is a need to make the best use of what is available. This will involve 
increasing the proportion of existing browsing animals by building up population of species such 
as giraffe (Giraffae camelopardis), kudu (Tragelaphus strepsiceros), eland (Taurotragus oryx) 
and improved goats. The correct proportions can be determined by the relative degrees of 
utilization and growth of the woody and grass vegetation, as described by Taylor and Walker 
(1978), and by the use of a simple linear programming model, an example of which is given in 
Walker et al (1978). 
In the long-term the need is for the development of new domestic species of large browsers. 
The two major disadvantages of wild game (Walker 1979) are inferior food conversion ratios 
(compared to cantle) and difficulties associated with management (rotational grazing, treatment 
for diseases and parasites, dehorning, etc.) The evidence in favour of large browsers, over such 
a vast region, warrants a large-scale, major programme aimed at new domestic species. The 
few attempts to date have been completely inadequate. Species which are considered desirable 
on the basis of food preferences, carcass size, water relationships and disease resistance must 
be captured in large numbers and included in carefully designed selection and breeding 
programmes, applying rigorous culling based on food conversion and growth rates. Parallel 
research programmes into the optimum vegetation structure for maximum food production are 
required. In this regard we need to know more about the palatability and productivity of the 
different browse species, which of them are "water wasters" as opposed to "water savers", and 
which of them compete most closely with (and therefore suppress) the grasses. 
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Introduction 
In this review of the browse resource in miombo it is necessary to consider a number of 
ecological and sociological constraints, particularly the widespread presence of the tsetse fly 
(Glossina morsitans); the long dry season; and the lack of traditional skills in animal husbandry. 
It is not intended to discuss the important role played by the introduced pasture 
legumes, Stylosanthes guianensis, Macroptilium atropurpureum, Glycine wightii etc., in the 
utilization of miombo grazing. Nor is it intended to discuss the problems of bush encroachment, 
although some of these species may be of value as browse. 
Location and distribution 
Miombo is one of the most extensive woodland communities in Africa. It stretches from the 
south-western shores of Lake Victoria in northern Tanzania, through western, central and 
southern Tanzania to Mozambique; it covers the whole of Zambia, Malawi, and extends as far 
south as central Rhodesia; to the east it occurs in the Shaba (Katanga) province of Zaire and 
spreads across northern and central Angola. The distribution is shown on the vegetation map of 
Africa (Keay, 1959), which is at present under revision (White, in press). 
Miombo forms a single storey, light canopy, deciduous woodland, usually growing to a height of 
10-15 m, dominated by leguminous trees of the genera Brachystegia and Julbernardia. It may 
have a scattered shrub layer and has a ground cover of grasses and forbs that reach a height of 
about one metre. Brief descriptions of the woodlands are given for each country in Hedberg 
(1968), more detailed descriptions with an up-to-date comprehensive list of references are given 
by Werger and Coetzee (1978). 
It is necessary to consider a number of associated woodland communities that occur within the 
broad complex of the miombo environment. In northern and central Tanzania, as the rainfall 
decreases in amount and duration, the miombo is replaced by Acacia, 
Combretum and Commiphora woodland associations. Sometimes there is a transitional zone 
where remnants of miombo are surrounded by the other associations. 
In central Tanzania there is a mosaic of miombo and the distinctive Itigi thicket, in this case, soil 
differences determine the vegetative patterns. 
In the Luangwa and Zambezi Valleys of Zambia, in the southern half of Rhodesia, and in 
western Angola, Colophospermum mopane woodland occurs on black cotton soils and on 
sandy soils with a hard pan near the surface. C. mopane is an important habitat for cattle and 
wildlife. The tree C. mopane is a valuable browse species. 
In southern Zambia and Rhodesia, as the rainfall decreases in amount and duration, the 
miombo is replaced by open Acacia and Combretum woodlands. Dry Baikiaea plurijuga forests 
and associated thickets occur on Kalahari sands in the drier areas of south-western Zambia, 
south-eastern Angola and southern Rhodesia. 
There are complex dynamic successional patterns within the miombo, e.g. the miombo-chipya-
Marquesia evergreen forest complex of north-eastern Zambia (Lawton, 1978), and the miombo-
chipya-Cryptosepalum evergreen forest complex of north-western Zambia (Cottrell and 
Loveridge, 1966). When Marquesia forest is cleared for cultivation it is replaced by open fire-
hardy chipya vegetation which will then pass through a series of successional stages 
culminating in the restoration of the Marquesia forest. In addition there are edaphic associations 
related to topographical features, e.g.Brachystegia microphylla occurs on rocky hilltops often in 
association with B. bussei. 
Environmental factors 
Miombo and the associated woodland communities are the habitat of the tsetse fly, Glossina 
morsitans, the presence of which has a profound effect on the ecology and land-use potential of 
the woodland. The tsetse fly is the vector of the fatal disease trypanosomiasis, known in man as 
sleeping sickness and in cattle as nagana. The tsetse is a blood-sucking insect. Once it 
becomes infected with trypanosomes it will remain infected for the rest of its life, which may be 
up to 6 months, and during this period it spreads the disease to some of the animals on which it 
feeds. Wildlife carry the trypanosomes in their blood; although they are immune to the disease, 
they act as a reservoir of infection. Where there is a large wildlife population in miombo tsetse 
fly will be present, often in large numbers. The combination wildlife/miombo/tsetse fly is a 
natural ecosystem, it is unfavourable to the alternative ecosystem of human 
settlement/cultivation/pastoralism. If the miombo is cleared, wildlife and the tsetse fly will retreat 
due to the destruction of their habitat and to disturbance. The land can then be cultivated and 
used for grazing, provided the woodland is not allowed to regenerate and so create a favourable 
habitat for the re-invasion of the tsetse fly. Many examples of the dynamic relationships 
between the two ecosystems have been described by Ford (1971). The effects of the rinderpest 
outbreak in the 1980's that devasted wildlife and cattle populations, and other diseases like 
contagiuos bovine pleuropneumonia, on the distribution of the tsetse fly, have been discussed 
by Ford (1871). He also mentions historical factors, for example, in Rhodesia he observed, "that 
before the Ngoni invasion of the early ninetenth century, these fly-belts were much smaller than 
they had become by about 1870. Their expansion between 1830 and 1870 had been a 
response to depopulation brought about by famine and disease that followed the social 
disorganization produced by the Ngoni impact (Ford, 1971). Periodic droughts have also played 
a role in the ecology of the tsetse fly. 
Fire has an effect on the ecology of miombo woodland. A fire early in the dry season favours 
woodland regeneration and so creates a habitat that is suitable for the tsetse fly, but a fire 
during the latter half of the dry season destroys the woodland and tends to create an open 
environment which is not favourable to the tsetse. 
  
Climate and phenology 
The miombo has a single rainy season lasting for five to six months, the rest of the year is dry. 
The rains usually start in late October or early November and finish in March or April. The 
average annual rainfall for the Lubumbashi region of Shaba province, Zaire, is given as c. 1 270 
mm, with a range of from 716 mm to 1 551 mm (Malaisse, 1978), this range will cover the 
rainfall over most of the miombo. The dry season can be divided into two halves; from May to 
mid-August is the cool season, when temperatures may fall to below freezing at night and rise to 
about 21–28°C during the day; from mid-August until the onset of the rains in October or 
November is the hot season, when night temperatures do not fall below 10–15° and the day 
temperatures may reach 33–37°C. A heavy precipitation of dew may fall during the cool season. 
All the Brachystegia species are deciduous, with the exception of B. taxifolia which is evergreen. 
The leaves become senescent at the end of the rains but may remain on the branches for much 
of the dry season, unless they are removed by strong winds, frost, or destroyed by fire. As soon 
as the temperature rises from about mid-August the Brachystegia and Julbernardia species, 
growing on deep soils, come into new leaf. The new flush is often a shade of pink or brown. 
Within about three weeks the leaves will turn green. Trees growing on shallow soils, particularly 
on steep escarpments, or in dry marginal miombo habitats, may not come into new leaf until the 
first storms have occurred, but generally over most of the miombo woodland, trees are in leaf at 
least two months before the start of the rains. It is during this time that browse is important. 
Sociological factors 
Some of the main tribal groups that live in the miombo have no tradition of animal husbandry. 
This may of course be partly due to the presence of the tsetse fly, but it may also be due to their 
origins, or to their method of cultivation. In central Tanzania the Nzamwezi live in miombo, they 
do not keep cattle, although the related Sukuma that live to the north are pastoralists as well as 
cultivators (Morgan 1972). At present the Sukuma are moving south into the miombo, where 
they graze agricultural fallow land following cultivation by the Nzamwezi. 
The Bemba group that occupy north-eastern and central Zambia have no tradition of animal 
husbandry (Trapnell 1953), this may be due to their origin, because they migrated from the 
tropical forests of Zaire some two to three hundred years ago. Also the Bemba method of 
cultivation, known as chitimene, does not create grazing lands. 
In southern and south-western Zambia the Tonga, I1a and Lozi are pastoralists and cultivators. 
They live in open Acacia Combretum woodlands and have access to extensive dry season 
floodplain grazing. The Tonga and I1a graze the Kafue Flats during the dry season and the 
open woodlands during the rains (Trapnell 1957). The Lozi graze the Zambezi floodplains 
during the dry season and the Baikiaea forest and thickets during the rains (Trapnell 1957). 
Further south in Rhodesia the two main tribal groups, the Shona and the Ndebele, are 
pastoralists and cultivators. They wage an endless war against the tsetse fly and woodland 
encroachment. 
It is clear that the main tribal groups in the miombo are traditionally non-pastoralists. Although 
the wildlife population and the accompanying tsetse fly have now disappeared from north-
eastern Zambia, the Bemba have not yet become cattle owners. It may take many years before 
a non-pastoralist community acquires the desire and knowledge to become pastoralists. 
Accessibility of browse 
One of the first problems to consider is the accessibility of browse to cattle. The usual miombo 
canopy at a height of 10 m or more is out-of-reach, (Photo 1), although the natural browsing 
animals, particularly elephant and giraffe, can reach up to the canopy. Eland may use their 
horns to bring down some of the branches (Lightfoot and Posselt, 1977). The stems must 
therefore be pollarded at a height of about 1-2 metres (Photo 2). The pollarded branches soon 
grow out-of-reach (Photo 3) and will require cutting back every few years. The aim should be to 
develop a crown of small branches that will produce a large amount of foliage in the latter half of 
the dry season. Coppice regrowth from ground level (Photo 4) may be preferable, particularly if 
browsing induces a proliferation of shoots from the root stock. 
 Photo 1. A typical stand of Brachystegia-julbernardia or miombo woodland. North-eastern 
Zambia.. R.M. Lawton. 
 Photo 2. pollarded stem of Brachystegia floribunda. A suitable height for browsing. North-
eastern Zambia. R.M. A Lawton. 
 Photo 3. Pollarded stems soon grow out-of-reach and need to be cut back frequently. North-
eastern Zambia. R.M. Lawton. 
 Photo 4. Coppice re-growth in miombo, suitable for browse. Northeastern Zambia. R.M. 
Lawton. 
From September to November the young leaves are high in crude protein and mineral content, 
and at this time of the year the browse is most palatable. Most of the common species are 
browsed by wildlife and cattle during this period. A list of published and known analytical data of 
the crude protein and mineral content of some of the common browse species is given in Annex 
1. 
Annex 1 the crude protein, mineral and carotene content of some common Browse species 
Species Crude 
protein 
content 
% 
N % P % K % Mg 
% 
Ca 
% 
Mn 
ppm 
Carotene 
ug/g 
Location Reference Remarks 
Adansonia 
digitata 
16.6 2.57 0.20 1.22 0.44 2.60   46 – Central 
Tanzania 
Lawton, 
1979 
Mature 
leaves 
Aeschynomene 
fluitants 
– – – 2.40 0.41 0.52 136 – Kafue 
Flats, 
Zambia 
Rees, 
1978 
No N or 
P 
analysis 
Albizia 
adianthifolia 
29.13 – 0.35 1.66 0.20 0.20 – – Copperbelt, 
Zambia 
Lawton, 
1968 
  
A. amara 13.48 2.15 0.11 0.82 0.42 0.87 104 189 Central 
Tanzania 
Lawton (in 
prep.) 
  
  26.00 – – – – – – – Kenya 5kerman, 
1977 
  
Afzelia 
quanzensis 
18.63 2.98 0.30 2.28 0.29 0.43   29 186 Central 
Tanzania 
Lawton, 
(in prep.) 
  
Baphia bequaertii 22.38 – 0.31 1.40 0.17 0.17 – – Copperbelt, 
Zambia 
Lawton, 
1968 
  
  23.50 – – – – – – – Misamfu, 
Zambia 
Rees, 
1974 
  
B. massaiensis 23.89 3.84 0.24 0.75 0.21 0.59 308 79 Central 
Tanzania 
Lawton, 
(in prep.) 
  
Brachystegia 
spiciformis 
16.75 2.68 0.26 1.35 0.20 0.46 220 – Central 
Tanzania 
Lawton, 
1979 
  
  18.30 – – – – – – – Misamfu, 
Zambia 
Rees, 
1974 
  
B. boehmii 11.12 1.78 0.15 0.97 0.16 0.48 198 – Central 
Tanzania 
Lawton, 
1979 
  
Capparis 
tomentosa 
19.94 3.19 0.12 5.06 1.44 1.89 100 162 Central 
Tanzania 
Lawton (in 
prep.) 
High K 
% 
checked 
C. sepiaria 31.25 5.00 0.15 2.60 0.68 1.82   29 156 Central 
Tanzania 
Lawton (in 
prep.) 
  
Cassipourea 
mollis 
19.50 3.12 0.22 1.38 0.38 0.68 985 21 Central 
Tanzania 
Lawton (in 
prep.) 
  
Colophospermum 
mopane 
15.40 – – – – – – – Rhodesia Lightfoot 
and 
Posselt, 
1977 
Ranges 
from 9-
20% 
during 
year 
                        
  13.1 – 0.27 2.04 0.21 0.52 – – Zambia Lawton, 
1968 
  
Combretum 
apiculatum 
13.2 – – – – – – – Rhodesia Lightfood 
and 
Posselt 
1077 
Mean 
CP % 
C. fragrans 11.62 1.86 0.15 1.44 0.24 0.50   22 – Central 
Tanzania 
Lawton, 
1979 
  
C. obovatum 22.06 3.53 0.29 1.93 0.28 0.86 600 – Central 
Tanzania 
Lawton, 
1979 
  
C. purpureiflorum 22.68 3.63 0.20 1.50 0.22 0.76 710 – Central Lawton,   
Tanzania 1979 
  22.37 3.58 0.33 1.68 0.21 0.55 500 133 Central 
Tanzania 
Lawton (in 
prep.) 
  
Dichrostachys 
cinerea 
20.87 3.34 0.18 1.33 0.24 0.44   26 – Central 
Tanzania 
Lawton, 
1979 
  
  15.00 - 0.18 1.22 0.46 1.53 – – Zambia Van 
Rensburg, 
1968 
  
                    Skerman, 
1977 
  
Diplorhynchus 
condylocarpon 
18.50 2.69 0.30 2.05 0.21 0.22 580 – Central 
Tanzania 
Lawton, 
1979 
  
  11.30 – – – – – – – Zambia Rees, 
1974 
  
Grewia spp. 22.50 3.60 0.22 1.98 0.34 2.37 339 227 Central 
Tanzania 
Lawton (in 
prep.) 
  
  17.10 – – – – – – – Rhodesia Lightfoot 
and 
Posselt, 
1977 
Mean - 
yearly 
range 
                      from 
14.7-
19.3 
Julbernardia 
globiflora 
16.37 2.62 0.25 1.31 0.20 0.54   80 – Central 
Tanzania 
Lawton, 
1979 
  
J. paniculata 12.38 – 0.24 1.50 0.25 0.70 – – Copperbelt, 
Zambia 
Lawton, 
1968 
  
Justicia 
salvioides 
44.06 7.05 0.33 3.30 0.40 0.80 342 196 Central 
Tanzania 
Lawton (in 
prep.) 
High N 
% 
checked 
Markhamia 
obtusifolia 
25.87 4.14 0.40 2.51 0.25 0.42 224 – Central 
Tanzania 
Lawton, 
1979 
  
M. acuminata 15.44 2.47 0.22 1.41 0.35 1.10   94 192 Central 
Tanzania 
Lawton (in 
prep.) 
  
Thylacium 
africanum 
22.87 3.66 0.09 2.83 0.80 3.09   45 106 Central 
Tanzania 
Lawton (in 
prep.) 
  
An experiment in the utilization of browse 
A series of investigations into the utilization of browse by cattle was carried out by Hood (1972) 
at the Misamfu Agricultural Research Station, near Kasama, north-eastern Zambia. As an initial 
investigation a herd was followed for two days each month from December to August and dates 
of the first record of browsing by species were noted (Annex 2). Browsing started in March when 
the grasses have become dry, unpalatable, and low in crude protein content. The twenty-nine 
species that were browsed make up the majority of the species in the miombo at Misamfu. This 
initial experiment clearly showed that cattle did utilize browse, so it was decided to plan a further 
experiment. 
Annex 2 trees browsed at misamfu agricultural research station, Zambia, from December 1966 
to August 1967. 
Species Date of first record 
Parinari curatellifolia Planch ex Benth March 21 
Baphia bequaertii De Wild March 21 
Vitex mombassaea yatke March 28 
Combretum molle R. Br. ex G. Don March 30 
Uapaca nitida mull. Arg. March 30 
Isoberlinia angolensis welw. ex Benth March 30 
Julbernardia paniculata Benth Troupin March 30 
Salacia rhodesiacaa Blakelock March 30 
Syzygium guineense (willd.) DC March 30 
Dichrostachys cinerea Wight & Arn April 6 
Piliostigma thonningii Schumach April 6 
Ficus ingensa (mig.) Mig April 6 
Entada abyssinica Steud ex A. Rich April 6 
Cussonia arborea Hochst ex A. Rich April 6 
Ochthocosmus lemaireanus De Wild & Th. Durand April 29 
Brachystegia spiciformis Benth May 4 
Rothmannia englerana (K Schum) Keay May 4 
Pterocarpus angolensis DC May 5 
Brachystegia utilis Burt Davey & Hutch May 5 
Albizia antunesiana Harms May 11 
Maytenus senegalensisa (Lam.) Exell May 11 
Combretum fragrans F. Hoffm. May 11 
Anisophyllea boehmira Engl. May 18 
Lannea discolor (Sond.) Engl. May 18 
Maprounea africana Mull. Arg. June 7 
Pavetta schumanniana F. Hoffm. ex K. Schum June 7 
Vitex fischerta Giirke June 22 
Protea sppa July 14 
Canthium sppa Aug. 22 
a Species only eaten by the bull. 
Copied from Hood (1972) with corrections to botanical names. 
The experiment consisted of four randomised blocks each containing six paddocks of 0.21 ha. 
Three treatments were duplicated in each block: 
1. Untouched woodland. 
2. All trees lopped at one metre above ground. 
3. All trees removed except for a few left for shade. 
The experiment ran for four years (1968–71), although the untouched woodland treatment was 
abandoned soon after the first year. A herd of four steers were placed in each paddock for two 
days and the paddock was then rested for 46 days. Each 48 day period was called a cycle and 
the cycles were continuous. The most palatable species, that is the species that were browsed 
each cycle, were: Baphia bequaertii, Dalbergia nitidula, Parinari curatellifolia. 
Only a few plants of the Dalbergia and the Parinari were present in the paddocks, so the 
utilization of these two species has not been discussed. Some of species were browsed to a 
lesser extent each cycle, these were: Brachystegia spiciformis, Diplorhynchus condylocarpon, 
Julbernardia paniculata. 
Others were only browsed during part of the dry season. Pericopsis angolensis (July-
September), Brachystegia floribunda (April-September), B. utilis (March-
September), Combretum molle (March-September), C. zeyheri (June-September), Isoberlinia 
angolensis (March-September), Vitex mombassae (April-September). September was the mean 
date of the cycle, but this cycle did extend over into October. 
The most palatable species are browsed throughout the year, even during the rains, when the 
quality of grazing is good. One species, Baphia bequaertii, had a crude protein content of 28.1% 
in August and 23.5% in October (Rees, 1974), and on the copperbelt 22.38% was recorded in 
October (Lawton, 1968). Hood noted that B. bequaertii produced new leaves after each cycle of 
browsing, whereas other species were slow to produce new leaves. The branches of B. 
bequaertii became stunted and some of the trees died in the second year with the remainder 
succumbing in the third year. The cattle then turned their attention to Brachystegia 
spiciformis, the second most palatable species, and this was destroyed in the same way as 
the Baphia. The third species to come in for heavy browsing was the common Julbernardia 
paniculata, and by the end of the experiment this species was showing signs of loss of vigour 
and deaths were increasing. 
Hood observed that in one season the new flush of J. paniculata was defoliated by caterpillars; 
such outbreaks are not infrequent in miombo. The details of tree species on which a number of 
miombo caterpillars feed has been given by Malaisse (1978). Many of these caterpillars are 
edible, and are a valuable source of protein for the local population. Defoliation by edible 
caterpillars inColophospermum mopane woodland was noted by Rose-Innes (pers. comm.). It is 
concluded from Hood's experiment that the palatable miombo species will not survive if they are 
browsed frequently throughout the year. 
Comments on some common browse species 
Brachystegia spiciformis and Julbernardia globiflora are the two most widespread canopy tree 
species in the miombo. The young leaves of both species were browsed in Tanzania in 
November when their crude protein content was in excess of 16% (Lawton, 1979). Brachystegia 
spiciformis was killed by frequent browsing throughout the year (Hood, 1972). 
With a crude protein content of over 22% in October and November, the small understorey 
tree, Baphia bequaertii, is probably the most palatable browse in the miombo. This species was 
killed by frequent browsing (Hood 1972). The shrub B. massaiensis is browsed in the Itigi 
thickets of central Tanzania, where a crude protein content of nearly 24% was recorded in 
leaves collected in December (Lawton, in preparation). From the Luangwa Valley, Zambia, it 
was noted that elephant browse this species in July (Gough, 1973). 
Combretum fragrans is a common tree of the drainage lines, or mbugas, in central Tanzania. 
The young leaves were browsed in November when the crude protein content was about 11% 
(Lawton, 1979). In the Luanga Valley, Zambia, the old leaves were stripped off the trees by 
elephant in May and June (Gough 1973). Two very common Combretum climbers or scandent 
shrubs, C. obovatumand C. purpureiflorum, grow in the secondary miombo re-growth of central 
Tanzania. They were browsed in November and December when their crude protein content 
was over 22% (Lawton, 1979). 
The multi-stemmed shrub Dichrostachys cinerea is a source of nutritious browse (20% crude 
protein, Tanzania, Lawton 1979), but it is inclined to form dense thickets and it has been 
suggested that it should be eradicated (Van Rensburg, 1968; Skerman, 1977). It is considered 
an indicator of overgrazed land (Pratt and Gwynne, 1977). 
Diplorhynchus condylocarpon is widespread in miombo. It was browsed by cattle in November 
in central Tanzania (Lawton, 1979). Elephant browse it in August in the Selous Game Reserve 
and in central Tanzania south of Tabora. 
Species of the genus Grewia are frequently a component of thickets and are often a source of 
browse. One species with a crude protein content of 22% was collected in Central Tanzania in 
December (Lawton, in peparation). 
In the drier areas bordering miombo, particularly in Acacia woodland and in thickets, the 
family Capparidaceae contain a number of palatable species. The armed scrambling 
shrubs Capparis tomentosa, and C. sepiaria var. fischeri had a crude protein content of nearly 
20% and over 31% respectively in December in central Tanzania (Lawton, in preparation). In 
the same area the small leaves of the shrub Maerua parvifolia (18% crude protein) were being 
stripped probably by small antelopes and goats. The dark green trifoliate leaves of Thylacium 
africanum (nearly 23% crude protein) were being browsed by cattle (Lawton in prep.). 
Two species of Markhamia are browsed by cattle and wildlife; M. obtusifolia with a crude protein 
content of nearly 26% was collected in November in central Tanzania (Lawton, 1959). This 
species is also browsed by elephant and buffalo in the Luangwa Valley, Zambia. M. 
acuminata is a thicket species in central Tanzania, where it was browsed by cattle in December, 
when the crude protein content was 15% (Lawton, in preparation). 
Quite a number of species in the Itigi thickets are a source of browse for wildlife and cattle that 
are passing through. The young leaves of one outstanding shrub, Justicia salvioides, had a 
crude protein content of 44% when collected in December. (The analysis was checked to make 
quite sure this figure was correct). This shrub is said to be a favourite browse plant of elephant, 
who also eat the green stems during the dry season, although these only had a crude protein 
content of 10% (Lawton, in preparation). 
The tree Colophospermum mopane forms almost pure stands and provides a good supply of 
browse. In the Luangwa Valley, Zambia, elephant pollard the tree at a height of about one to 
two metres and so bring the browse within reach of other animals (Lawton and Gough, 1970). 
Elephant browse the old leaves in July and the new flush in November/December (Gough, 
1973). In the dry areas of Rhodesia cattle partly subsist off C. mopane browse in the late dry 
season. 
Only one exotic tree species, Leucaena leucocephala, has been planted for browse in the 
miombo (Bogdan, 1977; Skerman, 1977). The foliage has a crude protein content of about 28%, 
but if fed in excessive amounts, cattle will show symptoms of mimosine poisoning 
(Craufurd,1979). Leucaena may taint milk and meat (Lamb, 1978). It is however a prolific plant 
and can be cut and browsed frequently. Yields of up to 10 000 kg/ha dry matter per annum with 
a minimum protein content of 20% have been achieved (Craufurd, 1979). 
More information on browse plants can be found in Skerman (1977), Bogdan (1977) and Pratt 
and Gwynne (1977). 
Differences between cattle and wildlife browsing 
If cattle are confined to small paddocks, as in Hood's experiment, the most palatable species 
will be destroyed by over-browsing, a similar situation may arise if wildlife were confined, but 
usually wildlife is free to range over a large area and so browsing pressure is light. 
It was noted in the Luangwa Valley, Zambia, that elephant and other browsers, eat the 
senescent leaves of Colophospermum mopane and other species in July, that is just at about 
the time of natural leaf-fall, and again in November or December when the young leaves are 
fully expanded (Gough, 1973). As soon as fresh grass is available, the elephant graze, so the 
browse plants are able to put on new leaves and grow throughout the rains. Provided the dry 
grass is not destroyed by fire, elephant will graze during the dry season and supplement their 
diet with browse. Cattle may behave in a similar way if they were free to range over a sufficiently 
large area, but this is usually not the case. In a comparative study by Taylor and Walker (1978) 
it was concluded that cattle do not utilize the available forms of vegetation as fully as wild 
herbivores. It was noted that cattle only make limited use of browse species. The browsing 
patterns of wildlife would appear to be more effective and less destructive than those of cattle. 
Some wildlife browsing patterns have been described by Vesey-Fitzgerald (1973), Brown 
(1967), Guy (1976), Jarman (1971), Lamprey (1963), Rees (1978), and Rodgers (1976). 
Suggestions for the utilization and management of browse 
The most favourable time to utilize browse in miombo and in the neighbouring woodland 
associations is from September to November, when the young leaves have a high crude protein 
content and the grazing is at its poorest, or even non-existent. A number of grazing systems 
have been described by Pratt and Gwynne (1977), and it is suggested that the utilization of 
browse may be integrated into one or more of these systems, provided of course the various 
constraints, including the presence of tsetse fly, can be overcome. 
It is suggested that during the rains from December to April the cattle should graze in a series of 
paddocks in which all the woody vegetation, apart from a few shade trees, had been removed. 
From May to August they should graze a similar series of paddocks in which pasture legumes, 
e.g. Stylosanthes guianesis, Macroptilium atropurpureum, etc., had been established. From 
September to November they would browse in a series of paddocks where most of the trees 
had been pollarded at a height of one metre, or cut at ground level to provide coppice regrowth. 
Throughout the system the paddocks would be grazed or browsed on a rotation. 
An alternative method would be to harvest the foliage, dry and mill it, and feed it to the cattle 
during the latter half of the dry season. The leaves could probably be harvested in December 
and perhaps again during the rains. Harvesting will present problems, it may have to be done by 
hand, and during December most of the labour force will be growing food crops. The cost of 
drying large quantities of leaves may be expensive in equipment and power. The system may 
well be uneconomic, but the production of ground bush meal was tried experimentally in 
Rhodesia and was said to show promise (Bullock and Hunt, 1966). 
Another alternative would be to grow some of the species with a high crude protein content, 
like Justicia salvioides, harvest the leaves and stall feed them to cattle. 
Conclusions 
Although miombo is an extensive vegetation community, it does not provide a favourable habitat 
for domestic livestock. The main constraints are, the presence of tsetse fly, the lack of traditional 
skills in animal husbandry, and a long dry season. Many of the canopy species are a source of 
browse, but they are often out-of-reach. When browse is made accessible by pollarding the 
stems, repeated browsing destroys the most palatable species. The main difference between 
natural browsers, i.e. elephant, giraffe, eland, kudu etc., and cattle, is that the natural browsers 
are not confined, whereas cattle are confined to either paddocks, or a range. The browsing 
pressure of wildlife therefore tends to be light, in comparison to that of cattle. 
Browse is nutritious during the latter half of the dry season and it is suggested that it should be 
utilized at that time. It may be possible to incorporate it into a rotational grazing system. 
Alternatively leaves could be harvested, dried and ground into meal and stall-fed to cattle. Some 
of the most palatable species could probably be grown and harvested and fed to cattle. 
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1. Introduction 
In this report, browse is taken to include only the woody plant species. The area covered 
comprises Kenya, Tanzania and Uganda. The plant species included in the report are those of 
the subhumid, semi-arid and arid wooded savanna ecosystems. The sources of information fall 
mainly into two categories: 
1. Information on woody plants which are browsed by wild and domestic herbivores (or are 
otherwise important to browsers) on the plant communities in which they occur. 
2. Information on the diets of browsing animals. 
Although there is a considerable body of knowledge on the woody vegetation of East Africa, 
some of which constitutes food for browsing animals, existing data specifically on the 
characteristics of woody species in their role as browse plants is scarce. The bulk of the 
literature appears to be centred upon the diets of wild herbivorous mammals, some of it 
describing the chemical composition and nutritive value of the browse plants eaten by them, and 
including some data on woody plants observed to be browsed by livestock. 
A few papers deal solely with the browsing behaviour of goats, one on the comparative effects 
of goats and cattle on wooded grassland and one on the crude protein content of the diet of 
zebu cattle (including the browse component) in wooded grasslands in upland Kenya. The 
above mentioned papers will be summarized in this report in greater detail than other material 
owing to their relevance to browsing. 
An account of the browse plants of a region must be limited somewhat arbitrarily to the species 
known to be important to browsing animals, since it would be impractical to deal at length with 
the hundreds of woody species indigenous to East Africa which are likely to be browsed to 
some degree. Brenan and Greenway (1949) included 4,694 tree and shrub species in their 
check-list for Tanzania. Less than 150 browse species can be mentioned in this report. 
2. Floristics 
(a) Flora, check-list and keys 
Brenan and Greenway (1949) prepared an annotated checklist of the trees and shrubs of 
Tanganyika, giving brief descriptive information on distribution, botanical characteristics, 
economic uses and, for some species, brief notes on phenology. Gillet and MacDonald (1970) 
published a numbered check-list of the trees, shrubs and important lianes indigenous to Kenya. 
Eggeling (1952) gave botanical descriptions and information on the economic value of the trees 
of Uganda. Dale and Greenway (1961) provided a compact botanical account of the trees and 
shrubs of Kenya, giving some information on their economic significance. Burtt (1939), revised 
by Welch (1957), produced a pocket key to the genera and most species of the trees, shrubs 
and climbing plants of Tanganyika, and a second volume, revised by Glover et al (1953), on the 
species of the more important genera. These keys, which are applicable to the subhumid and 
semi-arid woodlands of Tanzania, are also useful to a considerable degree in the same climatic 
zones in Zambia, Malawi, Uganda and Kenya, although the nomenclature is somewhat out of 
date. 
The most important of the botanical references to woody plants are those in the Flora of 
Tropical East Africa (eds. Turrill and Milne-Redhead; Hubbard and Milne-Redhead), which is 
being published progressively. The taxa of woody plants already published in the Flora are as 
follows: 
Sub-families: Caesalpinioidae and Mimosoideae of the Leguminosae. Families: Aizaceae, 
Alangiaceae, Annonaceae, Aquilifoliaceae, Araliaceae, Berberiadaceae, Brexiaceae, Buxaceae, 
Canellaceae, Capparidaceae, Caprifoloaceae, Caricaceae, Caryophyllaceae, Chenopodaceae, 
Connaraceae, Convolvulaceae, Cornaceae, Dilleniaceae, Elatinaceae, Cycadecaeae, 
Hamamelidaceae, Hypericaciae, Icacianaceae, Lecythidaceae, Linaceae, Loganiaceae, 
Maliphiaceae, Melianthaceae, Menispermaceae, Olacaceae, Opiliaceae, Phytolaceaceae, 
Pittosporaceae, Polygonaceae, Ranunculaceae, Rhamnaceae, Rhizophoraceae, Rosaceae, 
Salvadoraceae, Sapotaceae, Scytopotalaceae, Sonnerataceae, Tamaricaceae, Theaceae, 
Turneraceae, Ulmaceae. 
The Flora of Tropical East Africa and the previously mentioned floristic publications contain no 
information specifically relevant to the subject of browsing. 
Pratt and Gwynne (1977), in their appendix on important rangeland plants, included a section on 
trees and shrubs, briefly describing some sixty woody species common in East Africa. They 
mention the importance of some of them, either as browse plants or as species poisonous to 
livestock. Verdcourt and Trump (1969) described the common poisonous plants of East Africa, 
including several woody species. Ivens (1967), in a small book on East African weeds and their 
control, provided a brief section including nineteen common woody species. 
(b) Ecological surveys: vegetation maps 
Knowledge on the habitats of tree and shrub species is contained in several ecologically 
oriented publications, descriptions of plant communities and vegetation maps. The most 
comprehensive work is that of Lind and Morrison (1974) on the vegetation of East Africa, which 
provides descriptions of the main communities, with lists of their characteristic plant species and 
accounts of the environmental factors influencing their geographical distribution. One section of 
this book discusses the history of the vegetation of East Africa. 
Pratt, Greenway and Gwynne (1966) provided a classification of the main vegetation types of 
the East African rangelands, based mainly upon physiognomic features, but they also 
characterised the main eco-climatic zones by their dominant tree genera. Greenway (1973) 
prepared a classification of all the important vegetation types of East Africa, giving lists of plant 
species to illustrate the composition of the main communities. 
Several vegetation maps and map series have been published which cover the region or parts 
of it, including: 
Langdale-Brown and Trapnell (1962): East Africa. 
Edwards (1940): Kenya. 
Gilman (1949): Tanganyika. 
Langdale-Brown et al (1964): Uganda.  
Dale (1939): Coast Province, Kenya. 
Dale (1940): Mt. Elgon; Kenya and Uganda. 
Moomaw: (1960): The Coastal Region, Kenya.  
Wilson (1962): Karamoja District, Uganda. 
Trapnell et al (1969): South-west Kenya. 
Herlocker and Dirschl (1962): Ngorongoro Conservation Area, Tanzania 
Herlocker (1979): South-western Marsabit District, Kenya. 
Other descriptions and analyses of woodland plant communities which form parts of localised 
ecological surveys include the following: 
Phillips (1929): Centra Province, Tanganyika. Scott (1934): Central Province, Tanganyika. 
Burtt (1942): Tanganyika (several woodland communities). 
Greenway (1933): Mpwapea District, Tanganyika.  
Pielou (1952): Rukwa Valley, Tanganyika. 
Bogdan (1958): Kiboko, Kenya. 
Langdale-Brown (1959a): Eastern Province, Uganda.  
Langdale-Brown (1959b): Buganda, Uganda. 
Langdale-Brown (1960a): Northern Province, Uganda. 
Langdale-Brown (1960b): Western Province, Uganda. 
Greenway and Vesey Fitzgerald: (1969): Lake Manyara National Park, Tanzania. 
Glover (1966): Narok District, Kenya. 
Hemming (1972): South Turkana, Kenya. 
Barkham and Rainy (1976): Samburu-Isiolo Game Reserve, Kenya. 
The conservation status of woodlands (among the whole range of vegetation communities in 
East Africa) was discussed by Polhill (1968) for Tanzania, Osmaston (1968) for Uganda and 
Lucas (1968) for Kenya, and a regional synthesis was provided by Verdcourt (1968). Lamprey 
(1975) made an evaluation of the distribution of protected areas in relation to the needs of 
ecosystem conservation in eastern Africa, drawing attention to the vulnerability of certain forest 
and woodland communities to destruction or degradation. 
3. Woodland dynamics 
(a) General 
Information on dynamic aspects of woodland ecology in East Africa is scarce and compares 
unfavourably with the extent of knowledge on the dynamics of grassland communities. It 
appears that this is partly due to the difficulties and the time involved in obtaining a series of 
measurements of trees and woodlands as compared with measurements on the herb layer. 
(b) Linear growth rates 
Growth-rate measurements have been made in Brachystegia woodland communities (Glover, 
1939) and in acacia and Combretum woodlands (Herlocker, 1976) in Tanzania. In the former, 
the heights and trunk diameters of small samples of nine common tree species were correlated 
with numbers of growth rings (assumed to be annually produced). Glover obtained an 
approximate growth curve for the tree Julbernardia globiflora, indicated a relatively fast mean 
annual increase in trunk diameter of 4.2 mm for the first 50 years of growth, declining to 
approximately 2.0 mm thereafter, with old trees showing up to 120 or 130 rings and having trunk 
diameters of 36–40 cm and heights of 16–17 m. Similar data on small samples of six acacia 
species in the Serengeti region are given by Herlocker. Variability in growth rates due to site 
conditions and climate is very high but certain generalizations on characteristic growth rates for 
each species can be made: e.g. Acacia xanthophloea under favourable conditions shows 
annual diameter increments of 17-25 mm and annual height gains of 1.4 m in the sapling 
stages. A. tortilis under favourable conditions has an annual diameter increment of 10-14 mm 
and a height gain of 0.8 m in the young stages. This species normally reaches maturity at c. 6 m 
in height after about 20 years. In all species measured, growth-rates are relatively slow in the 
drier parts of their range and may be less than half of those in the wetter areas. 
Similarly, a tree's position on the drainage catena will influence its growth rate. For the great 
majority of browse species no information on linear growth rates is available. 
(c) Productivity 
The type of linear increment measurements referred to above, as yet have not been related 
either to measurements of biomass nor to productivity in East African trees and shrubs, 
although work is now in progress in northern Kenya to obtain such correlations. Whilst it is 
desirable to obtain estimates of biomass and productivity of all parts of the plant (roots, stems, 
bark, branches, twigs, foliage, flowers and fruits) only the last four of these categories can 
normally be classed as browse (although the roots and bark of some trees are commonly eaten 
or chewed by elephants). It is evident that, with limited time and assistance, research effort 
should be concentrated upon the parts which are normally browsed by ungulates. 
It appears that no browse production measurements have been published or reported for East 
Africa. However data have been obtained recently on browse production in the Serengeti 
National Park, Tanzania and in Marsabit District, Kenya which are due to be published in 1980 
or 1981. In the former locality, R. Pellew (personal communication), carried out an ecological 
study of the giraffe population and its relationship with the Acacia food resource. 
With the use of fenced enclosures, the main effort was devoted to the determination of seasonal 
standing crop biomass/ha of browse available to giraffe (leaf and new shoots only, and less than 
5.75 m high), rates of net primary productivity/ha/annum of certain Acacia species, and rates of 
browse consumption/ha/annum by giraffe. 
For the three Acacia species, A. tortilis, A. xanthophloea and A. hockii, data are available as 
follows: 
1. Height specific vertical growth-rates for browsed and unbrowsed trees. 
2. Bush area/ha increments for browsed and unbrowsed trees. 
3. Canopy volume/ha increments for browsed and un-browsed trees. 
4. Growth rates of individual tagged twigs (expressed as linear or weight increments) for 
browsed and unbrowsed trees-these were used as the basis for the productivity 
estimates. 
5. Standing crop biomass/ha of browse available to giraffe for four separate woodland 
vegetation types (riverine, drainage-line, open mid-slope and ridge-top Acacia 
regeneration thicket), expressed on a wet/dry season basis. For the ridge-top vegetation 
type, monthly variations in available biomass have also been determined. These 
biomass figures are all gross quantitative estimates only, with no qualitative or 
palatability assessment incorporated. 
6. Rates of primary productivity of browse available to giraffe (excluding lignified stems and 
branches) for the three acacia species, expressed as kg dry weight/ha/annum. 
7. Rates of browse offtake by giraffe of the three Acacia species, expressed as kg dry 
weight/ha/annum. 
8. Estimates of the longer-term stimulatory feed-back of browsing upon the productivity of 
the three Acacia species by comparison with unbrowsed shoots clipped to simulate 
giraffe browsing (these data are still being analysed). 
Results to date suggest the following early conclusions: 
a) The biomass of available browse represents a significant proportion of total habitat biomass, 
particularly in the areas of acacia regeneration thicket. 
b) Browse productivity rates are high, reaching 6000 kg/ha/ annum (dry weight) in the riverine A. 
xanthophloea regeneration, a production which is similar to that of the neighbouring Serengeti 
long grass plains but double that of most savanna grasslands. 
c) Acacia tortilis ridge-top thicket has a production of approx. 1500 kg/ha/annum (dry-weight). 
d) Offtake by giraffe is high, reaching c. 80% per annum of A. xanthophloea production and c. 
60% per annum of A. tortilis production below the height of 5.75 m. 
Limits of tolerance of the trees to these high levels of offtake remains to be investigated. 
In northern Kenya, D.J. Herlocker (IPAL) is engaged in a study of primary and secondary 
productivity patterns associated with sheep, goat and camel herds in northern Kenya in 
cooperation with H.J. Schwartz and C.R. Field. The following data are being collected. 
1. Systematic samples of vegetation composition and biomass through time:  
a) fortnightly, for the herb and small dwarf-shrub layer;  
b) less frequently for large dwarf-shrub layer (because of the difficulty of destructive 
sampling at such     frequent intervals);  
c) shrubs and small trees only, sampled when a new site is used by the sheep and goat 
or camel herd or when a particular species is shown to be preferred by the animals; 
d) food preference surveys carried out every two weeks and samples taken for chemical. 
analysis of those plants which are preferred. 
2. In order to allow more frequent and/or extensive sampling of large dwarf-shrub and 
shrub species, correlations are being determined, through destructive sampling, of plant 
component biomass with a number of easily measurable attributes (crown diameter, 
plant height, stem diameter and capacitance meter, phytometer and 10-point frame 
readings). 
3. Correlations of plant and plant component biomass with measurable attributes are then 
combined with samples of population structure to obtain whole plant and plant 
component (including available forage) biomass from sample aerial photography of 
woodlands. 
4. Herd attributes, such as mortality, lambing rates, incidence of disease, growth rates, 
population structure and milkyield are monitored at the same time:  
a) one half of the herd is a control and is under traditional management;  
b)the other half is periodically treated for the elimination of intestinal worms. 
5. Several satellite herds under traditional management, are monitored at less frequent 
intervals for the more easily-monitored attributes. 
6. Forage intake quantity is estimated using the chromic acid method. 
It is worthwhile mentioning that comparable studies of woodland standing crop and primary 
productivity are reported by Rutherford (1978) and Dayton (1978) from South Africa. These 
authors provide (and quote) foliage and fruit production figures from Colophospermum mopane, 
Burkea africana, Acacia albida, Acacia erioloba, Acacia tortilis, Piliostigma thonningii, 
Combretum apiculatum andCombretum zeyheri. 
In his paper on browse production and utilization in the Tarangire National Park, Tanzania, 
Vesey Fitzgerald (1973) carried out a survey to estimate the offtake by wild browsing animals 
relative to the foliage production in Acacia and Combretum woodlands. He did not measure 
browse production or consumption in absolute terms. His results are discussed under the 
heading "browse impact" below. 
(d)Tree and shrub population dynamics 
The dynamic state of woodland communities has been recognised by many authors and several 
accounts exist of structural changes observed (or inferred from evidence) in woodland 
ecosystems in East Africa. The greater part of the extensive literature discusses not only the 
changes themselves but also their causes. Descriptions of the size-class structure of sample 
tree populations in the Serengeti National Park were given by Lamprey et al (1976), Herlocker 
(1976), Vesey-Fitzgerald (1970) and Croze (1974). In each case the tree populations studies 
were influenced by fire and elephants and the size-class structures were related to observable 
or predicted changes in tree numbers and total canopy cover. These studies are referred to at 
greater length under the subject heading "browse impact" below. 
(e) Ecological succession in woodland communities 
Vesey-Fitzgerald (1973) discussed the nature of successional change in woodland 
communities, illustrating his discussion from successions taking place in the Tarangire National 
Park, Tanzania. Herlocker (1976) described the apparent reduction of riverine forest and its 
replacement by wooden grassland in the northern Serengeti, and thinning out of woodland trees 
in the same region, resulting in increased areas of grassland. These and other successional 
changes taking place in the East African national parks are discussed further in the following 
section on "browse impact". 
It is widely recognized that many rangeland plant communines in East Africa, which are not 
edaphic grasslands, are liable to "bush encroachment" (Pratt, 1964). Such bush encroachment 
commonly involves the increase in density of one or more indigenous woody species (possibly 
after an initial invasion of the grassland). In semi-arid grassland communities, the natural 
succession is normally towards woodland. "Where open grassland occurs (except in edaphic 
grasslands) it is usually because the natural succession has been diverted or arrested by 
extraneous factors, notably by fire (Phillips, 1930; West, 1965)" (Pratt and Gwynne,1977). 
Under these circumstances the encroaching "bush" is usually regarded by the cattle rancher or 
the pastoralist as a "weed", to be removed if possible. Woody species included in this category, 
are Acacia drepanolobium, Acacia hockii, Tarchonanthus camphoratus, Euclea divinorum, 
Combretum spp., Commiphora spp.. In relatively dry areas, grass species are commonly 
replaced by dwarf shrubs, e.g. Duosperma, Indigofera spp., Serococomopsis, Solanum 
incanum. If sufficient grass cover remains (after grazing or encroachment by woody species) to 
provide fuel for periodic burning, the woody species can normally be held in check, if not 
eradicated by grass fires. Heavy grazing may prevent grass fires and lead to progressive 
colonisation by woody species. Under these circumstances the woodland or shrubland which 
develops may become suitable habitat for the browsing ungulates. 
Browse impact 
The greater part of the published and reported data on the impact of browsing upon woody 
vegetation in East Africa deals with the effects of wildlife, especially elephants, in national parks. 
The volume of literature reflects the seriousness of the management problems caused by the 
impact of elephants upon national park tree populations over the last thirty years. There is 
general agreement that the problem of excessive elephant influence originates from the over-
concentration of elephant populations within the parks and reserves which offer them protection 
as their former habitats are increasingly affected by human occupation and activity. 
Buechner and Dawkins (1961), describing vegetation changes taking place in the Murchison 
Falls (now Kabalega) National Park in Uganda, said, "All types of woody vegetation are in the 
process of conversion to grassland under the combined influence of elephants and fire. Large 
trees are killed by fire damage to tissues exposed by the action of the animals in gouging, 
peeling and ripping the bark while foraging and rubbing on the boles of the trees". In the twenty 
sample plots (each of 0.1 ha) in Terminalia glancescens - Prosopis africana woodland which 
these authors analysed, bark removal and damage by elephants had occurred in a varying but 
generally large proportion of the trees. 
In several other studies in East Africa estimates of rates of damage and killing of trees by 
elephants and the resultant changes in Acacia woodland size structure have been published 
(e.g. Lamprey et al, 1967; Field, 1971; Douglas-Hamilton, 1972; Groze, 1974; Harrington and 
Ross, 1974; Herlocker, 1976; Pellew, 1979). The last named author, reviewing previous data on 
the Serengeti Acaciawoodlands confirmed previous estimates of mortality in mature Acacia 
xanthophloea and Acacia tortilis as c. 6% per annum over the six years 1968–74, and predicted 
that, at current elephant numbers, all existing mature trees in the Acacia tortilis and A. 
xanthophloea woodlands may be lost within 15 years or less. Meanwhile, a combination of 
giraffe and fire impact prevents the development of replacements. Fire burns small trees back to 
ground level; giraffe browsing tends to hold the trees at a height vulnerable to burning; those 
few trees which emerge from the giraffe-fire cycle are killed by elephants. Mature woodlands are 
being replaced by dense thickets which are now prevented from developing into woodlands by 
browsing and intermittent burning. Pellew provides a simulation model of A. tortilis woodland 
dynamics under the influence of fire and browsing which is programmed for 25 years. It 
incorporated a seedling input and assumes a constant level of Bruchid beetle predation on the 
seeds (see "insect impact" below). 
Vessey-Fitzgerald (1973) estimated the relative browse impact (mainly the elephants) on ten 
common and widespread tree and shrub species in Acacia woodlands in the Tarangire National 
Park, Tanzania. The woody vegetation observed had a mean density of c. 600 plants/ha. Mean 
densities of mature trees were 21/ha; young trees, 225/ha and shrubs 350/ha. The overall 
relative frequencies of the three classes were: mature trees 4%; young trees 42% and shrubs 
54%. 
In Combretum-Commiphora woodland the mean density was measured as 1400 plants/ha: 
mature trees 24/ha; young trees 650/ha; shrub 720/ha. The relative frequencies were: mature 
trees 2%; young trees 46%; shrubs 52%. 
This author observed that 46.5% of the trees and shrubs had been browsed to some degree, 
the percentage varying between species. A total of about half of the available browse material 
was utilized. Browse impact was assessed in three degrees of intensity. All of the ten plant 
species experienced light and intense browsing. At the latter degree of intensity the plants 
exhibited characteristic dense and pollarded growth forms with reduced height increment rates. 
At a severe intensity of browsing, which was experienced by about 4%of each seven plant 
species, the degree of damage was sufficient to reduce their chances of survival and to result in 
death within one or two years, particularly if exposed to grass fires. 
Vesey-Fitzgerald concluded that the regeneration, recruitment and replacement of the 
commonest tree species was more than sufficient to compensate for the observed offtake. He 
did not quantify these rates in absolute terms. 
The main browsing animals in the Tarangire area were elephants, giraffe and black rhinoceros, 
which were present in the area studied at mean densities which had been determined between 
1958 and 1961 as 1.11/km2, 1.14/km2 and 0.15/km2 respectively (Lamprey, 1964). Together 
these animal populations amounted to a biomass density of c. 3395 kg/km2 (liveweight). As an 
approximation, given an estimated standing crop foliage biomass density of 1500 kg/ha dry 
weight, (for woodlands at a mean annual rainfall of 600 mm: (cf. Rutherford,1978) and a browse 
offtake of 50% of the foliage standing crop, c. 40 kg/ha (liveweight) of browsing animal biomass 
is supported by an offtake of c. 750 kg/ha dry weight of browse biomass, under the relatively 
natural conditions of a national park. (This does not take into account the relatively small 
amount of grass consumed by elephants). 
Effects of browsing by livestock are discussed in a small number of East African publications. 
Staples et al (1942) described a study of the comparative effects of goats and cattle on a 
prepared area of wooded grassland at Mpwapwa, central Tanzania in semi-arid woodlands 
(mean annual rainfall c. 700mm), basing their observations on five similar fenced plots (32  32 
m). The experiment, which ran from January 1938 to March 1942, provided qualitative data on 
vegetation changes which took place in the two plots browsed only by goats, two grazed only by 
cattle and the one which was unused and served as the control. The pasture had been cleared 
from "climax" bush cutting, burning the trash and planting the burnt patches with Cynodon 
plectostachyum two years earlier and had since been protected from heavy grazing. "The result 
was a good stand of grasses, mixed with herbs and regenerating, though inconspicuous, woody 
plants; a useful pasture tending to revert to bush". 
Although the authors record that "either two oxen or about 14 goats were put on one or two 
days a week whenever there was enough food to keep them all reasonably contented", actual 
stocking rates were not recorded but amounted to 30 to 40 grazing days per annum and was 
the same for each plot. From this information it is apparent that the goat stocking rate was 
approximately 1.4 stock unit/ha/annum and cattle 2 stock units/ha/annum. (1 stock unit = 250 
kg). "If one plot became too bare for use, grazing of all was discontinued until all were ready 
again". A plant species list was prepared for each plot at the beginning and the end of the 
experiment. The lists included a total of some 55 woody species as well as a similar number of 
grasses and other herbs. 
After four years, inspection of the plots showed great modifications from their original states 
which the authors described in some detail. The goats browsed all the plants within reach, 
including the taller grasses. They did not browse any plants down to ground level and 
consequently did not destroy any. They did little damage to the bark of the well-grown trees, and 
young trees which succeeded in putting out branches beyond the reach of goats were able to 
continue their growth. The net result of stocking with goats under the conditions of the 
experiment was to preserve a good ground cover including many plant species. The cover was 
too low to support tsetse and sufficient to protect the soil. The authors concluded that it would 
be difficult to crowd goats, on the unfenced grassy bushland in such high concentration that 
they bare the ground sufficiently to initiate serious erosion. The authors further conclude: 
"By contrast the effect of pasturing cattle on grassy bushland is invariably bad. By concentrating 
on the grasses they relieve the bushes from competition, and though the advantages (to the 
bushes) of this are more than offset by packing of the soil through trampling, the unrelieved 
tendency is towards the formation of open thicket with little ground cover; obviously a condition 
of continuous reduction of carrying capacity and accelerated erosion, until the appalling state of 
affairs seen around Dodoma, Kondoa Irangi and Singida (Central Tanzania) is reached." 
"Wherever in bushland country there is some sort of ground cover of grasses and herbs which 
can be expected to extend if given a chance, such an area will not be damaged but may be 
much improved by even heavy goat browsing, whereas certainly it would be damaged by 
anything more than the lightest grazing by cattle. The current idea that the goat is a pernicious 
animal, of which the numbers must everywhere be reduced if the land is to be saved, is quite 
wrong when one is considering the economics of bushland utilization. In fact if one desires to 
obtain animal produce from this type of country without first clearing it and putting it down to 
grass, the only way the attempt can safely be made is by making use of goats". 
From the experiment of Hornby et al (1948) it is evident that wooded grasslands used at 
moderate and regulated stocking rates by goats can be maintained in good condition. General, 
but apparently undocumented, experience on goats indicates that they become destructive to 
woody vegetation at densities which are high in relation to the productivity of the vegetation (as 
would be expected). 
Field (1979), in an ecological study of sheep and goats observed their feeding under controlled 
stocking rates and recorded diets and quantities of forage taken. By weighing a small sample of 
sheep and goats before and after a day's feeding and allowing for measured intake of water and 
output of faeces and urine, one male sheep of 37.6 Kg body weight in dry matter, a second 
male sheep of 37.2 Kg consumed 2.1% and a male goat of 27.1 Kg consumed 2.0% of its body 
weight. These figures are similar to those of other investigators (e.g. Quartermain and 
Broadbent, 1974). This author observed that in the arid environment of northern Kenya, goats 
consume approximately equal quantities of browse and herb material (relatively more browse in 
the wet season), the diet of sheep also includes a high proportion of browse (approximately 
26% in the dry season and 38% in the wet season). The corresponding figures for goats were 
45% and 57%. In these experiments the highly palatable dwarf shrub Indigofera 
spinosa comprised between 22% and 40% of the diets of both sheep and goats except where 
the latter were at a light stocking rate, when it comprised 7% of the diet. 
Field C.R. (1979) in a study of camel diets in northern Kenya, gives the daily dry matter 
consumption of a camel as 2.5% of body weight. Using population data collected by Unesco 
IPAL in the Mt. Kulal study area (22.500 km2, were estimated to have a daily dry matter intake of 
14.7 kg/km2 (mean annual D.M. I = 5380 kg/km2). The combined productivity of the herb and 
dwarf shrub layer in April and May 1977, measured in 7 paddocks totalling 40 ha, was 62.729 ± 
24.526 kg/km2 which was obtained with 133 mm rainfall. On this basis the annual dry matter 
production of the herb and dwarf shrub layers is estimated at 117.911 kg:km2. Extrapolating to 
the study area as a whole, the camel population would appear to consume 4.6% of this 
production. However, since there has been no calculation of the productivity of the trees which 
are also browsed by the camels, it is estimated that approximately 30% should be subtracted 
from the herb and dwarf shrub intake figures giving an intake by camels of approximately 3.2% 
of the annual production. 
These observations require further qualification because camels are not distributed evenly over 
the region. Since ecological degradation is taking place mainly in the vicinity of human 
settlements and such areas appear to be the foci for the spread of desert conditions, the main 
interest lies in the intensity of use by livestock of such areas. The highest observed mean 
density of camels is 8.0/km2 but densities of 3 to 4/km2 are not uncommon. 
At the highest observed camel density the offtake of the dwarf shrub and herb layers would be 
of the order of 16% of the production. However, since the sheep and goat populations (existing 
in the region at a biomass density similar to that of the camels) are thought to eat rather more 
than the camels near settlements and water holes, the total consumption of the herb and dwarf 
shrub layers is likely to exceed a level equal to 32% of the mean productivity of the region, and 
considerably higher than that of the degraded areas near the settlements. 
The control of trees and shrubs in pasture 
Bush encroachment control, as an aspect of range management in East Africa has been the 
subject of several publications. In this review on information on browse, it is sufficient to mention 
briefly some of the more important references. 
In his paper on the reclamation of severely overgrazed pastures with bush encroachment in 
Kitui District, Kenya, Jordan (1975) placed emphasis on accelerating pasture recovery by 
complete closure to grazing and re-seeding with grasses. Bush control, largely involving killing 
scrub Acacia spp., was achieved by cutting down the trees and burning the trash which had 
been left scattered. Eighteen to twenty-four months later, the grass growth was sufficient to 
provide fuel for a burn at the end of the dry season which killed the regenerating trees and 
shrubs. 
Pratt (1964, 1966a, 1976b); Thomas and Pratt (1967) and Pratt and Knight (1968) published a 
series of papers on bush control experiments in the control of several woody species by 
burning, by grazing management and by mechanical and chemical methods. The main species 
concerned were Acacia brevispica, Maytenus putterlickioides, Acalypha fruticosa, 
Tarchonanthus camphoratus andDuosperma eremophilum. In the case of each type of bush 
encroachment experimental results were given indicating appropriate control measures. The 
economics of bush control measures under current and potential land use were not discussed. 
Harker (1959) studied the problem of controlling Acacia hockii, regarded as a weed in pastures 
in Uganda. A variety of control measures, including chemical, mechanical and browsing by 
goats, were discussed and the economics of chemical control methods assessed. Ivens (1967) 
summarized information on the control of woody weeds in East Africa. 
The diets of browsing animals 
Hofmann and Stewart (1972) provided an analysis of information on the dets of wild ruminants 
in East Africa and on their stomach structure, upon which they based their classification of the 
ruminant species as grazers or browsers. Browsers, described as selectors of juicy, 
concentrated herbage, were divided into (a) tree and shrub foliage eaters and (b) fruit and dicot 
(tree, shrub or forb) foliage eaters. Category (a) includes Boocerus, Giraffa, Litocranius, 
Strepsiceros, and Tragelaphus stresiceros. Category (b) included Cephalophus, Nesotragus, 
Oreotragus, Madoqua, Sylvicapra, Tragelephus scriptus. Intermediate feeders (a) preferring 
grasses included Aepyceros and Gazella thonsoii, (b) preferring forbs and shrub and tree 
foliage, included Gazella gramti, Raphicerus, Tanrotragus. 
These categories are contrasted with (a) the roughage grazers (Alcephelus, Damaliscus, 
Oryx and Redcunca fulvo: (b) the fresh grass grazers dependent on water (Adenota 
Connochaetes, Kobus, Ourebia, Redunea reduca and Syncerus, (c) the dry region 
grazers: Oryx b. beisa. The descriptions and photographs of types of rumen and omasum 
structures found in these different feeding categories are given in Hofmann (1968). In his 
classification cattle are typical roughage grazers; sheep and goats have the stomach structure 
described as transitional between the extreme grazers and browsers, adapted for occasional, 
perhaps seasonal selective intake of some dry, fibrous forage. The camel, which is not included 
in this author's classification, is likely to fall into the specialised browsing group with the giraffe. 
The feeding behaviour and diets of wild herbivores are described by a number of authors. Some 
give observed food preferences of a number of browsing species (e.g. Lamprey, 1963). Others 
provide detailed observations on single species: Leuthold (1970) 
on Gerenuk(Litocranius); Goddard (1968) on black rhinoceros (Diceros); Field (1971); Douglas-
Hamilton (1972) on the elephant (Loxodonta);Field and Ross (1976) on elephant and giraffe; 
Napier Box and Sheldrick (1973) on elephant. Several of these authors give an analysis of the 
percentage contribution to the animals' diets provided by each of the important browse species; 
some relate food selection to food plant availability; some show seasonal preferences. 
Information on the diet of goats in a semi-arid area in Kenya, is given by Edwards (1948). He 
classifies 67 plant species, the great majority woody (and including no grasses), into three 
categories of palatability to goats based upon the relative frequency of selection. Acacia tortilis, 
Grewia kakothamnos and Ochna stuhlamnnii were found to be "extremely palatable". Staples et 
al (1942) described goats as primarily browsers, taking little grass. Wilson (1957) observed that 
grasses made up 33.5% of all the plants eaten by the goats he was studying. Knight (1965) 
recorded a large proportion of grass in the diets of goats in Baring o District. In 1956 
observations ("feeding stops") of 20 goats, in September 1962, 38.4% were for grasses, 33.6% 
for herbs and 28% for trees and shrubs. In December 1959 and February 1960 when 4 goats 
were observed, on each occasion 65.4% and 82.5% respectively of feeding observations were 
of grasses. This author also noted a marked individual diet preferences in certain goats. 
Field (1979) observed the diets of goats and sheep in five different areas and in six vegetation 
types in northern Kenya making over 5000 records. Her results are summarized as follows: 
 
 
% in diet of Trees, Shrubs, Dwarf 
Shrubs, 
Herbs, Grass Leaf Litter 
Sheep   2.6   6.7 23.7 29.6 36.9 0.5 
Goats 14.9 15.0 22.5 22.0 25.0 0.5 
Insect impact 
The effects of insects upon browse plants appear to have received very little attention in East 
Africa. The tree locusts, Anacridium melanorhodon and A. wernerellum (Acridiidae), undergo 
localised outbreaks which, although small in comparison with those of the migratory locust, have 
a large impact on the foliage of several common Acacia species and are mentioned briefly in 
the Locust Handbook (1966) and a map shows their approximate distribution in Africa. No 
quantitative information on the browse impact of these insects appears to be available in East 
Africa. 
Lamprey et al (1974) described the role of the seed beetle Bruchidius spadiceus in infesting the 
seeds of Acacia tortilis spirocarpa in Tanzania. A high proportion of the seeds observed were 
infested and it was found that, unless ingested by a browsing mammal they were killed by the 
insects. Passage through the gut of a mammal (for which the seeds of this and other Acacia 
species are evidently adapted) kills the larval insects and renders the seed viable, resulting in 
relatively high germination rates. Further studies of the insect fauna of Acacia tortilis are in 
progress in Kenya. 
Chemical composition and nutritive values of browse 
The results of chemical analysis of browse plants have been given by several authors in 
connection with studies of the diets of browsing ungulates, both wild and domestic. The most 
important publication is that of Dougal and Drysdale (1964) who provided a table giving 
information in a substantial list of East African indigenous fodder plants observed to have been 
eaten by browsing ungulates. The greater part of this list is given in Table 1 of this report, 
including all the woody species analysed and some grasses for comparison. Also included in 
this report are a series of histograms (Figures 1–5) from the same authors, giving the 
percentage distribution of ash, silica calcium, phosphorus, crude protein, crude fibre and 
nitrogen-free extract in grasses, legumes, leguminous browse, and non-leguminous browse 
collected in East Africa. This paper provides a discussion on the nutritive value of browse 
plants, pointing out that the legumes are the richest source of protein and that they are the least 
fibrous of all the vegetation. 
 Figures 1-5 . The percentage distribution of ash; silica ; calcium; phosphorus; crude protein 
crude fibre and nitrogen-free extractives in grasses ( G ) ; legumes (L ) ; leguminous browse 
(LB)and non-leguminous browse (NLB). 
 Figure 2. Silica 
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 Figure 4 
 Figure 5 
Douglas and Sheldrick (1964) recorded a day's diet of an elephant in Tsavo National Park, 
giving the species browsed, the parts of the plants selected, the number of occasions each 
species was browsed and the chemical composition of the parts browsed. 
Field (1975) gave the chemical composition of fodder plants on the Galana Ranch in South East 
Kenya (semi-arid scrub-woodlands) and analysed the monthly crude protein levels of the stems 
and leaves of Grewia and Combretum spp.. He also compared the diets of cattle, buffalo, oryx 
and eland in terms of the grasses, herbs and browse and found the latter species only to be 
primarily a browser. 
McKay and Fransden (1969) described the chemical and floristic component of the diet of zebu 
cattle in semi-arid wooded grasslands in Kenya. While these authors confirmed that the cattle 
mainly selected grasses, some browsing was observed, especially in overgrazed areas, where 
woody plants gave high levels of crude protein (often between 15%and 25% of dry weight. This 
paper provides graphs of variable crude protein percentage in Acacia nilotica and Acacia 
brevispica (leaves and pods separately); Rhus natolonsis, Tarchonanthus 
camphoratus and Grewia bicolor (leaves and stem tips); Dichorostachys cineria and Capparis 
fascicularis (leaves). Over a period of nearly two years, relating protein levels to rainfall, the high 
seasonal variability of protein content of browse plants (e.g. between 10% and 23% in Acacia 
nilotica foliage) shows that a single chemical analysis of a particular browse sample is likely to 
give an incomplete picture of the plant's nutritive value on a year-round basis. 
Gwynne (1969) discussed the high nutritive value of Acacia seed pods and its significance for 
seed dispersal by ungulates in some Acacia species. He gave the results of chemical analysis 
of the dehiscent and indehiscent pods of four Acacia species and their seeds. The author 
concluded that the indehiscent pods (A. tortilis, A. nilotica, A. siebenaia and A. albida) are 
especially sought by browsing ungulates, not because of their nutritive content, which is similar 
to that of the dehiscent species, but because of their large size and conspicuousness, which 
makes them easy to pick up. 
Taylor (1969), in a publication on water economy in eland and oryx in Kenya, described how the 
requirements of these two species were provided largely by the water contained in their browse. 
The weight of acacia foliage which an eland would normally ingest in a day, containing 58% by 
weight of water, would provide a total of about 5.3 litres of water per 100 kg of body weight, 
which is the amount needed by the eland for survival. This author showed that, under average 
conditions of temperature and humidity at night, the sub-shrub Duosperma, with a water content 
of as little as 1% in the daytime, absorbed atmospheric water at night amounting to a total water 
content of 42% of its weight. He suggested that, by eating mainly at night, oryx could take in 
food containing an average of 30% water and thus become independent of free water. Grant's 
gazelle which is known to live without drinking (even in the dry season) must obtain its total 
water requirements from its browse plants, of which Indogofera spinosa is one of the most 
important over large areas of semi-arid and arid rangeland in East Africa. 
In livestock, as in wild ungulates, the intake of free water by drinking becomes minimal when 
there is abundant green browse available. Under these circumstances camels may not need to 
drink and other livestock species will drink relatively infrequently. Being denied the opportunity 
to browse at night, as wild ungulates do, livestock cannot obtain water absorbed by their forage 
plants and therefore are very largely dependent upon drinking during the dry season, a factor 
which may reduce their foraging range at that time of year. 
Phenology 
Published information on the phenology of browse plants in East Africa is very scarce, although 
some is available for certain species in floristic works (e.g. Brenan and Greenway 1949). 
Unpublished notes on the phenology of trees in the Serengeti National Park have been made by 
Herlocker (1969-1972), which appear to fill a considerable gap in the existing knowledge of 
these trees. The species included are: Acacia xanthophloea, A. kirkii, A. seyal, Acacia tortilis, A. 
clavigera, A. sieberiana, A. hockii, A. mellifera, A. Senegal, A. gersardii, A. polycantha, A. 
nilotica, A. drepanolobium, Erthrina abyssinica, Erythrina burtii, Entada abyssinica, Lannea 
stuhlmannii, Commiphora trothae, Commiphora madagascarensis, Lonchocarpus eriocalyx, 
Commiphora africana, Combretum molle, Heeria retienlata, Grewia fallax, Albizia harvey, Albizia 
peterian, A. amara, Ormocarpum triehocarpum, Sclerocarea birrea, Kigelia aethiopum, 
Termindia mollis. 
Table 2. Average chemical composition of Kenya browse and pasture herbage (per cent of dry 
matter) 
Component Grasses Legumes Browse 
      leguminous non-leguminous 
Ash 10.85 (535) 11.12 (204)   8.60 (64) 11.73 (170) 
Crude protein 11.51 (518) 21.86 (225) 14.77 (64) 12.70 (170) 
Crude fibre 30.34 (455) 21.90 (141) 29.54 (64) 29.27 (170) 
Nitrogen-free 
extract 
45.01 (455) 43.28 (141) 45.25 (64) 43.75 (170) 
Nitrogen (N)   1.84   3.50   2.36   2.03 
Silica (S102)   4.95 (427)   1.18 (186)   0.56 (48)   1.46 (132) 
Silica-free ash   5.90 (427)   9.91 (186)   8.04 (48) 10.27 (132) 
Calcium (Ca)   0.42 (518)   1.17 (225)   1.82 (64)   1.82 (170) 
Phosphorus 
(P) 
  0.234(518)   0.288 
(225) 
  0.186 (64)   0.212 (170) 
Sodium (Na)   0.031(122)   0.028 (15)   0.066 (45)   0.074 (111) 
Potassium (K)   2.54 (120)   3.08 (15)   1.19 (38)   2.13 (110) 
N/P ratio   7.87 12.14 12.70   9.58 
Ca/P ratio   1.79   4.06   9.78   8.58 
(S102)/Ash ratio   0.456   0.106   0.065   0.124 








 Conclusion 
Existing knowledge on browse in East Africa is evidently deficient in most respects, particularly 
in view of the need for information which can be applied in range and livestock management. 
The foregoing summary on the present state of knowledge indicates no aspect of the subject on 
which there is adequate data, with the possible exception of the diets of certain wild browsing 
herbivores observed at specific localities. There is, therefore, a very wide field of research which 
could be undertaken on browse. Nevertheless, a limited number of priorities may be suggested 
as having the greatest urgency in relation to the immediate problems of range management and 
livestock production. 
The outstanding gaps in present knowledge on browse concern productivity and methods for 
measuring it. The first requirement is for the establishment of reliable and economic techniques 
for assessing browse production at various scales from individual trees to large and diverse 
woodland areas. It seems inevitable that a great deal of destructive sampling of trees and 
shrubs, is required to provide initial reliable data for calibrating more rapid methods of biomass 
and production estimation. 
For each type of browse community, dry weight measurements of the browse components must 
be obtained from adequate series of trees and shrubs. Such measurements should permit 
correlation regressions of browse biomass against more easily measurable values, such as 
canopy area (to be measured on aerial photographs), average crown diameter measured from 
samples on the ground and possibly phytometer readings. 
A further problem which requires urgent solution is that of assessing the availability of browse 
forage to the browsing animal. What proportion of the total mass of foliage, shoots and fruits 
constitutes potential food and what proportion does not (by virtue of its inaccessibility or 
unpalatability)? To a great extent this question must be answered by observation of the feeding 
behaviour of browsing animals, taking account of seasonal changes in food requirements and 
preferences, and the constraints caused by drought conditions. 
Tolerance levels to varying degrees of browse impact in each of the important browse species 
are virtually unknown. Future research should include studies of the viability of trees and shrubs 
under varying levels and regimes of browse offtake and under varying climatic conditions. The 
population dynamics of tree and shrub communities under browsing impact is a research 
subject of fundamental importance, especially where there is the possibility of ecological decline 
through overexploitation. Knowledge of tree population structures may be expected to lead to 
better assessment of the conservation status of browse plant communities and to practical 
estimates of sustainable browse offtakes and hence to livestock carrying capacities. 
Existing data on the composition and nutritional values of browse species could provide a good 
starting point for a systematic programme of chemical analysis. It would provide for the chemical 
analysis of browse species from all eco-climatic zones and would also cover seasonal variation 
in composition and nutritional value. 
The importance of browse as the main resource supporting the pastoral peoples of the arid 
zone appears to have been underestimated in the past. There can be little doubt that the 
rational development of range and livestock management in the dry savannas in the future will 
depend on a greatly increased fund of knowledge on the browse plants. 
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Browse in northern Africa** 
H. N. Le Houérou 
Introduction 
Northern Africa, or Mediterranean Africa, as understood here, comprises the African countries 
lying north of the Tropic of Cancer i.e. Morocco, Algeria, Tunisia, Libya and Egypt. Unlike the 
other African countries, these are submitted to the Mediterranean climate characterized by 
autumn, winter and spring rains and summer drought, i.e. a rainfall regime opposite to that of 
the tropics, further south. 
As a consequence of this, North African vegetation is of a Mediterranean type, totally different in 
its botanical composition, structure and physiognomy from any tropical African vegetation (albeit 
it bears some structural and physiognomical similarities with the afro-tropical montane 
vegetation of evergreens and also some kinship with the residual "Rand Flora" of the higher 
elevations). 
Livestock are also different in species, races and numerical proportions in their composition. 
Cattle belong, in their large majority, to the Bos taurus species often more or less mixed with 
European stock and some recently imported Bos indicus stock from India and Pakistan (Nellore, 
Red Sindi and Sahiwal breeds). In relative numbers, cattle are much less important (14%) than 
in the tropics. Small stock represent 85% of total livestock numbers and camels less than 1%. 
Sheep are of a wool-bearing type, of the fat tail group to the east (Tunisia, Libya, Egypt), and of 
the narrow tail group to the west. Goats belong to the black so-called Nubian breed, that 
foresters sometimes label the "black locust". 
2. The main types of grazing lands and the importance of browse in 
animal feeding 
2.1 General 
Livestock are, to a large extent, raised in a traditional way and fed on year-round grazing, with 
the exception of some dairy cattle in the irrigated areas and around the main urban centres, and 
also a few feedlots. 
Grazing lands include rangelands, stubble, fallow, some very limited natural grassland and 
some sown pastures. Rangeland and cropland (stubble and fallow) probably account for 60 and 
40% of livestock feeding respectively although the area of rangeland is three times larger than 
cropland. 
Browse is a very important component of rangelands and accounts for at least 60% of its 
production, as an interannual average. It can thus be estimated that browse represents a 
minimum of 35 to 40 percent of livestock feed in Mediterranean Africa, as opposed to less than 
20% in tropical Africa. This situation is due to a number of causes: 
1. There are very few, and limited in extent, grass dominated natural ecosystems in the 
area (except for the esparto steppe of Stipa tenacissima, which is almost unpalatable). 
2. Palatable perennial grasses and legumes are scarce in grazed natural ecosystems, 
having been eliminated by centuries of overstocking. 
3. Grazed natural ecosystems are dominated by shrubs, both in the semiarid to humid 
ecological zones (rainfall >400 mm) where grazing lands are mostly degraded forests of 
the maquis or garngue type dominated by shrubs 0.5 to 5.0 m high, are in the arid (400 
> R > 100 mm) and desert (100 mm > R) ecological zones where steppic ecosystems 
are usually dominated by chamaephytic undershrubs less than 0.5 m high. 
4. 4) The bulk of animal feed from rangelands is approximately constituted by 30–40% of 
annual grasses, legumes and forbs, 55–65% of shrubs and trees and perhaps an 
optimistic 5% of perennial grasses and legumes. Of course, these proportions may vary 
largely from one type of rangeland to the next and from year to year in a given range 
type, according to rainfall amount and distribution. Annual species are more important in 
good rainfall seasons whereas browse is essential in time of drought. Therefore the role 
of browse increases with the climatic aridity, or, to put it the other way around: other 
conditions being equal, the role of browse is inversely proportional to the amount of 
rainfall, both on a seasonal or annual basis. The same thing is true for the tropics. 
2.2 Browse ecosystems 
As mentioned above, the large majority of North African rangelands are dominated by shrubs; 
most of those are browsed. These "browselands" cover the following surfaces in 103 km2: 
Table 1.North African browselands in 103 km2 
 
 
Country 
 
 
Total 
Semi-arid to humid 
rangelandszone (R > 
400 mm) shrublands 
Arid rangelands 
(400 > R > 
100)chamaephytic 
steppe 
Desert rangelands (100 
> R > 50) chamaephytic 
steppe 
Algeria 345.6 25.6 120.0 200.0 
Egypt 125.0 –   25.0 100.0 
Libya 240.7   0.7   80.0 160.0 
Moroccoa 142.0 32.0   80.0   30.0 
Tunisia   87.2   7.2   45.0   35.0 
Total 940.5 65.5 350.0 525.0 
aAs from 1970. 
There are, in addition to rangelands, some 333 000 km2(33 million hectares) of grazed stubble, 
fallows, fodder crops, meadows and sown pastures as shown in Table 2. 
Table 2. Other grazing resources in 103 km2 
Country Fallow and stubble Fodder crops Meadows and sown pastures 
Algeria 115   1.2 0.3 
Egypt   11 13.0 – 
Libya   40   0.5 – 
Morocco   95   0.5 0.1 
Tunisia   55   1.5 0.2 
Total 316 16.7 0.6 
There is also an unknown acreage of planted fodder shrubs and trees (Cactus Acacia, 
Atriplex mainly), probably in the region of half a million hectares, 80% of which is spineless 
cactus. This is probably the largest expanse of artificially established browse in the world to-day. 
The main browse ecosystems in North Africa and their approximate acreage are shown in 
Tables 3 and 4. 
Table 3.The main browse ecosystems in the semi-arid to humid bioclimatic zones of northern 
Africa, in 103 km2 
Country Deciduous 
oaks 
Q. faginea 
Q. afares 
Q. toza 
Cork 
oak 
Q. 
suber 
Holm 
oak  
Q. 
ilex s. 
l. 
Cedar 
C.  atlantica 
Aleppo pine 
P.         halepensis 
False 
thuya 
Tetraclinis 
articulata 
Carob-
olive 
Ceratonia 
siliqua 
Olea 
europaea 
Pistacia 
Total 
Algeria 0.7   6.5   7.0 0.3   8.5 1.6 1.0 25.6 
Egypt – – – – – – – – 
Libya – –   0.1 –   0.1 – 0.5   0.7 
Morocco 0.1   4.0 13.5 1.2   0.7 7.5 5.0 32.0 
Tunisia 0.3   1.3   1.2 –   3.4 0.3 0.7   7.2 
Total 1.1 11.8 21.8 1.5 12.7 9.4 7.2 65.5 
Table 4. The main browse ecosystems in the arid bioclimatic zone of northern Africa and their 
estimated acreage 
Type of ecosystem Acreage (103 km2) 
Garrigue shrubland of Juniperus phoenicea   23.0 
Argania sideroxylon parkland     7.0 
Artemisia herba alba steppes (silty soils)   70.0 
Artemisia campestris -Helianthemum lippii steppes (sandy soils)   40.0 
Gymnocarpos decander/Atractylis serrotuloides steppes (shallow soils) 120.0 
Nanophanerophytic steppes (Retama raetam, Ziziphus lotus)   20.0 
Crassulescent halophytic steppes (Salsola, Suaeda, Atriplex)   40.0 
Wormwood subdesertic steppes (Hammada scoparia, H.schmittiana, 
Anobasis articulata) 
  30.0 
Total 350.0 
Table 5. Livestock populations in 103 as from 1976 
Country Cattle Equines Sheep Goats Camels Totals 
Algeria   1300     760   9 540   2 220 135  13 955 
Egypt   2150   1 600   1 940   1 400 100   7 190 
Libya     150       65   3 000   1 250   60   4 525 
Morocco   3 650   1 900 14 300   4 950 210  25 010 
Tunisia      800      375   3 600   1 000 190   5 965 
Total   8 050    4 700 32 380 10 820 695  56 645 
Conversion factor     5      3     1   0.8  8 – 
Sheep equivalents 40 025 1 4100 32 380   8 656 5 560 100 721 
 
2.2.1 The semi-arid to humid bioclimatic zones 
In the semi-arid to humid ecological zones, almost all forest lands (with the exception of very 
few and limited timber forests) are actual grazing lands. Most of those are degraded forests of 
the maquis or garrigue type (matorral or chaparral) where the main resource is grazing; 
secondary resources being fuel gathering, charcoal and distillation (rosemary, juniper). Even in 
the timber or cork-producing forest, grazing represents 60 to 80% of the revenue of the land (Le 
Houérou, 1971, 1972). The only exceptions are industrial plantations of eucalyptus, which 
amount to a few thousand hectares only. 
In their immense majority, these shrublands are essentially browselands on which a livestock 
population of some 20 million sheep equivalent depend entirely for their feeding (out of a total 
livestock population of some 100 million sheep equivalents in the region); the remainder of the 
livestock population depending partly on rangeland and partly on cropland 
2.2.1.1 The Cedrus atlantica series 
This includes a series of plant communities derived from the Cedrus atlantica forest climax 
occurring on various substrata from granite to limestone. This series occurs in high mountains 
above 1200–1500 m and up to 2500–2800 m, with average rainfall above 600 mm; one to three 
months of snow cover and hard frost for 60 to 120 days; summer drought, however, lasts 2 to 4 
months. Dominant or characteristic shrub and tree species are: 
Cedrus atlantica, Taxus baccata, Juniperus communis, Fraxinus xanthoxyloidesb, Quercus ilex 
s.l.b, Medicago suffruticosab, Acer campestrea, Acer opalusea, Cotoneaster nummulariaa, Buxus 
balearica, Berberis hispanicac, Bupleurum spinosum, Juniperus thurifera, Juniperus oxycedrusa, 
Ilexaquifolium, Cytisus battandierib, Ulmus campestrirsb, Acer monspessulanuma, Acer 
obtusatuma,Prunus prostrataa, Amelanchier ovalisa, Daphne laureola, Cytisus purgans, Erinacea 
anthyllis. 
a indicates browsed species, b indicates heavily browsed species, c indicates occasionally 
browsed species (often by goats and/or, camels only). 
The Cedrus forest or shrubland is good summer range for some of the transhumant herds of 
Morocco and Algeria where they occur on some 150 000 hectares. 
2.2.1.2 The Quercus faginea/ Q. suber series 
This series occurs in high rainfall areas from 600 mm up to over 2000 mm. The Q. 
suber forests, matorral or maquis are often depleted stages of the Q. faginea climax (Quezel, 
1954; Le Houérou, 1973). This series is linked to non calcareous substrata and develops on 
more or less acidic soils. The series covers some 1.3 million hectares in Algeria, Morocco and 
Tunisia. Dominant or characteristic shrub and tree species are: 
Q.fagineab, Cytisus triflorusb, Olea europaef. oleasterb, Celtis australisb, Rhammus alaternusb, 
Pistacia lentisusa, Erica arboreac, Calycotomevillosac, Ruscus hypophyllum, Tamus communis, 
Q. suberb, Viburnum tinusb, Phillyrea media latifoliab, Fraxinus oxyphyllab, Fraximus augustifoliab, 
Arbutus unedoa, Myrtus communisc, Daphne gnidium, Smilax asperaa. 
Some species such as Fraxinus oxyphylla are pollarded and lopped branches and twigs are fed 
to livestock (in Kabylia of Algeria, and in the Rif of Morocco). Acorns of Q. faginea and Q. 
suber are searched for by all livestock and wild boars. 
a indicates browsed species, b indicates heavily browsed species, c indicates occasionally 
browsed species (often by goats and/or camels only). 
2.2.1.3 The Quercus ilex s.l. series 
This series (including here, for convenience, the Q. coccifera and Q. calliprinos series of minor 
importance) very rarely constitute fully grown forest or even parkland, but generally matorral 
shrubland in the semi-arid and subhumid Mediterranean bioclimates with average rainfalls 
ranging from 400 to 800 mm. They occur on various types of substrata and soils. They cover 
some 2.2 million hectares mainly in Algeria and Morocco. Dominant shrub species are: 
Quercus ilex s.l. (including Q. rotundifolia)b, Phillyrea angustifolia subsp. mediab, Rhamnus 
alaternusb, Argyrolobiun linneanumb, Coronilla emeroidesb, Coronilla minimab, Ulmus 
campestris subsp.procerab, Crataegus monogynab, Arbutus unedoa, Pistacia terebinthusa, 
Dorycnium suffruticosuma, Genista spp, Erica scoparidc, Rosmarinus officinalisc, Rosmarinus 
tournefortii, Teucrium sppc, Cistus spp., Rhamnus lycioides subsp. oleoidesb, Colutea 
arborescensb, Coronilla junceab, Medicago suffruticosab, Crataegus laciniatab, Juniperus 
oxycedrusa, Pistacia lentiscusa, Pistacia atlanttcaa, Spartium junceumc, Erica arboreac, Erica 
multiflorac , Thymus sp.p, Satureja sp.p Asparagus acutifolius, Rubia peregrina. 
This type of browseland covers some 21000 km2 of which 13.5 are in Morocco 7.0 in Algeria 0.4 
in Tunisia and 0.1 in Libya. 
2.2.1.4 The Olive-mastic and Olive-carob series 
These two series of vegetation usually occupy plains and lowland with deep soils and a 
favourable water balance in the semi-arid to humid bioclimates with mild winters (350 to 1000 
mm annual rainfall). As a consequence, they have, to a very large extent, been cleared for 
farming during the course of history. For the past 22 centuries about 15 million ha (150 000 km2) 
where cleared for cultivation (Le Houérou, 1980). Most of those were probably covered with 
the Oleo-ceratonion and Oleo-lentiscetum to use the Zuricho-Montpellieran jargon. At the 
present time the Oleo-ceratonionand Oleo-lentiscetum have become almost vestigial, covering 
less than 7 200 km2 of which 5 000 are in Morocco, 1000 in Algeria, 700 in Tunisia and 50 in 
Libya. 
Major shrub species are: 
 
Olea europeaf. oleasterb, Phillyrea mediab, Rhamnus alaternus subsp. myrtifoliab, Rhamnus 
lycioides subsp. oleoidesb, Periploca laevigatab, Fraxinus oxyphyllab, Cytisus mollisb, Colutea 
arborescensb, Prasium majusb, Pistacia lentiscusa, Prunus amygdalusa, Prunus mahaleba, Rhus 
tripartitac, Ziziphus lotusc, Jasminum fruticansc, Corydothymus capitatus, Genista spp. Anagyris 
foetida, Psoralea bituminosa, Clematis flammula, Ceratonia siliquab, Quercus cocciferab, 
Coronilla emeroidesb, Fraxinus angustifoliab, Crataegus oxyacanthab, Lonicera implexab, 
Lonicera etruscab, Crataegus ararolusa, Prunus aviuma, Helianthemum sppa, Rhus pentaphyllac, 
Calycotome villosac, Lycium europaeumc , Cistus spp., Anthyllis barbs-jovis, Asparagus albus, 
Ulex spp. Nerim aleander. 
2.2.1.5 The Aleppo pine series 
The Aleppo pine series occupies huge areas in North Africa especially on calcareous stony and 
many hills of the semi-arid and subhumid bioclimates having cool to cold winters: 13 000 km2, of 
which 8 500 are in Algeria, 3 500 in Tunisia, 700 in Morocco and 50 in Libya. The main shrub 
species are similar to those listed for the Quercus ilex series with however qualitative 
differences in the botanical composition and also quantitative differences in the proportion of the 
dominating species. 
Important shrubs and undershrubs are: 
Pinus halepensis, Olea europaeab, Globularia alypumb, Rhamnus lycioides subsp. oleoidesb, 
Colutea arborescensb, Onobrychis argenteab, Hippocrepis scabrab, Fumena ericoidesa, Fumena 
thymifoliaa, Fumena laevipesa, Thymelaea nitidaa, Juniperas phoeniceac, Rosmarinus officinalisc, 
Rosmarinus tournefortiic, Rhamnus lycioides subsp. lycioidesc, Rhus tripartitumc, Sparium 
junceum, Ruta chalepensis, Ruta montana, Cistus albidus, Teucrium spp. Retama 
sphaerocarpa, Atractylis humilis, Anarrhinum fruticosum, Dorychium suffruticosum, Quercus 
ilexb, Phillyrea mediab, Coronilla minimab, Coronilla junceab, Hedysarum naudinianumb, 
Hedysarum humileb, Hedysarum perralderianumb, Helianthemum sppa, Anthyllis sericea subsp. 
sericeaea, Lotophyllus argenteusa, Juniperus oxycedrusc, Pistacia lentiscusc, Cistus libanotisc, 
Cistus salviaefoliusc, Genista cinerea, Genista microcephala, Genista tricuspidata, Genista 
quadriflora, Cistus crispus, Nupleurum gibraltaricum, Bupleurum balancae, Thymus hirtus, 
Linum umbellatum, Pituranthos scoparius. 
2.2.1.6 The false thuya series 
Occupies some 9 400 km2, of which 7 400 are in Morocco, 1 600 in Algeria and 300 in Tunisia, 
in the semi-arid bioclimate with mild to warm winters (rainfall 350 to 600 mm, mean minimum of 
January above 3°C). Otherwise it occurs in the same geomorphological conditions as the 
Aleppo pine series i.e. on shallow soils of calcareous and many hills and low mountains. The 
main species are similar to the Aleppo pine series but with a few differential species both 
qualitatively and quantitatively. This series is closely akin to the Oleo-ceratonion in its botanical 
composition. 
The main shrub species are: 
Tetraclinis articulata, Olea europaea, f. oleasterb, Periploca loevigatab, Withania frutescensb, 
Globularia alypumb, Teucrium fruticansb, Artemisia herba alba, Phagnalon saxatilea, Phagnalon 
rupestrea, Rhus pentaphyllac, Ziziphus lotusa, Rosmarinus officinalisc, Sarcopoterium spinosumc, 
Calycotomevillosaa, Calycotoma intennediac, Cistus libanotisc, Cistus salviifoliusc, Cistus crispusc, 
Asparagus albus, Genita cinerea, Sideritis romana, Convolvulus cantabrica, Arganica 
sideroxylon (Morocco only)b, Ceratonia siliquab, Quercus cocciferab, Rhamnus lycioides subsp. 
oleoidesb, Prasium majusb, Rhamnus lycioides subsp. lycioidesa, Helianthemum sppa, Juniperus 
phoeniceac, Chamaerops humilisc, Rhus tripartitac, Lavandula multifidac, Corydothymus 
capitatusc, Erica multiflorac, Calycotome spinosac, Fumana sppc, Fagonia cretica, Slavia triloba, 
Asparagus acutifolius, Phlomis fruticosa, Satureja nervosa, Teucrium spp. Artemisia campestris. 
2.2.2 In the arid bioclimatic zone (100 < R < 400 mm) 
 
2.2.2.1 The Juniperus phoenicea series 
This series occurs in the upper part of the arid zone with a mean rainfall usually above 250 mn; 
sometimes relicts of it may be found with an average rainfall as low as 160–200 mm in remote 
hills more or less isolated by a difficult accessibility and/or the lack of permanent water 
resources: The area occupied by this type of garrigue is of some 15 000 km2, of which 5 500 are 
in Tunisia, 6 000 in Algeria, 2 000 in Morocco and 1500 in Libya. 
The vegetation is of a sub-steppic type where forest relicts and/or remnants are more or less 
sparsely distributed low shrubs 0.5 m to 2.5 m high, often with a dominant under stratum of 
steppic species such as Stipa tenacissima, Lygeum spartum, Artemisia herba alba. 
The main shrub species are: 
Forest relicts or remnants: Juniperus phoeniceac, Globularia alypumb, Olea 
europea f. oleasterb, Phagnalon saxatileb, Helianthemum 
ellipticumb, Withania frutescensb, Onobrychis argenteab, Fumana leavipesa, Fumana 
ericoidesa, Fumana thymifoliaa, Helianthemum virgatuma, Phagnalon rupestrea, Phagnalon 
saxatilea, Cistus libanotisc, Genia microcephalac, Rhus tripartitumc, Launaea acanthocladac, 
Calycotome intermediac, Rosmarinus officinalisc, Prasium majusb, Rhamnus 
lycioides subsp. oleoidesb, Phagnalon 
rupestreb, Periploca loevigatab, Hippocrepis scabrab, Coronillaminimab, Teurcrium 
fruticansa, Fumana loevipesa, Pistacia atlanticaa, Helianthemum cinereum subsp. rubelluma, 
Rosmarimus tournefortiic, Thymus hirtusc, Cistus salviifoliusc, Thymus spp., Rhamnus 
lycioides subsp. lycioidesc, Ziziphus lotusc, Pituranthos scopariusc, 
Steppic species: Artemisia herba albab, Argyrolobium uniflorumb, Helianthemum lippiib, 
Helianthemum hirtumb, Artemisia campestrisc, Echiochilon fruticosumb, Gymnocarpos decanderb, 
Helianthemum kahiricumb, Atractylis serratuloidesa, Anabasis oropediorumb. 
2.2.2.2 The white sage series 
This series comprises a complex group of plant communities usually dominated by Artemisia 
herba alba, which occurs on silty soils between the isohyets of 100 and 400 mm from SE Spain 
to Southern Russia throughout all Northern Africa and the Near East. The main shrub species 
are chamaephytes 0.10 to 0.50 m high, with densities of 1000 to 40 000 undershrubs per 
hectare and a ground cover from 5 to 40% depending on aridity and depletion status. 
Artemisia herba albab, Anabasis oropediorumb, Helianthemum kahiricumb, Helianthemum 
virgatuma, Salsola vermiculata var. villosaa, Atractylis serratuloidesc, Atractylis phaeolepisc, 
Ormenis africanac, Astragalus armatus subsp. Trabacanthoidesc, Kikxia aegyptiacac, Anabasis 
aphylla, Helianthemum hirtumb, Gymnocarpos decanderb, Argania sideroxylon (SW Morocco 
only)b, Noaea mucronataa, Acacia gummifera (SW Morocco only)a, Hammada scopariac, Farsetia 
aegypticacac, Herniaria fontanesiic, Asparagus albus, Atractylis humilis. 
2.2.2.3 The field sage series 
This series comprises various types of steppes developed on sandy soils throughout the same 
geographic zone as the white sage series. 
The main shrubs are: 
Artemisia campestrisc, Echiochilon fruticosumb, Argyrolobium uniflorumb, Helianthemum 
kahiricumb, Helianthemum hirtumb, Thymelaea microphyllaa, Rhantherium suaveolensa, Salsola 
vermiculatasubsp. villosaa, Suaeda mollisa, Artemisia monospermaa, Ziziphus lotusc, Nolletia 
chrysocomoidosc, Thymelaea hirsuta, Ononix natrix subsp. falcata, Pergularia tomentosa, 
Helianthemum lippiib,Polygonum equisetiformec, Salsola venniculata 
subsp. Brevifoliab, Gymnocarpos decanderb, Argania sideroxylon (SW Morocco only)b, Lygos 
raetama, Traganum nudatuma, Acacia gummifera (SW Morocco 
only)a, Hammada schmittianac, Calycotome intermediac, Atractylis serratuloidesc, 
Pitutanthos tortuosusa, Pitutanthos rholfsianusa, Nolletia chrysocomoides. 
2.2.3 The desert bioclimatic zone 
The desert (Saharan) bioclimatic zone is characterized by an average annual rainfall below 100 
mm. However permanent pastures are only found between the isohyets of 50 and 100 m/m. 
Below the 50 mm isohyet, pasture production is extremely irregular and can be used only for a 
few weeks every so many years, consecutive to unusual rains or floodings. 
They are located along the stream network and in depressions, and account for very little in the 
overall pasture production of the countries examined in this paper. The rangeland lying between 
the 50–100 mm isohyets, on the contrary, are used fairly regularly, at least during the 
springtime. Their acreage is very large (500 000 km2); they probably account for about 10% of 
the pasture production of the countries concerned in the present study. 
2.2.3.1 Sandy steppes 
The main shrub species are the following: 
Acacia raddianab1, Helianthemum brachypodumb, Traganum mudatumb, Maerua 
crassifoliab1, Moltkia ciliatab, Genista saharaea, Calligonum azela, Hammada schmittianac, 
Calligonum comosumb,Cornulaca monacanthab, Hedysarum argentatum (SW Morocco 
only)b, Balanites aegyptiacab, Lygos raetama, Ephedra alataa, Calligonum arichb1, Euphorbia 
guyoniana. 
1Very rare. 
 
 
 
2.2.3.2 Steppes on shallow and/or silty soils 
Anthyllis sericea subsp. henonianab, Gymnocarpos decanderb, Traganum nudatumb, Zilla 
macropteraa, Salsola sieberia, Hammada scopariac, Randonia africanac, Ziziphus 
lotus subsp. Saharaec, Asteriscus graveolensc, Astragalus pseudotrigonusc, Anabasis 
articulatac, Oudneya africana, Waronia saharae, Hyosciamus muticus, Pergularia tomentosa, 
Anabais aretioides, Helianthemum kahiricumb, Nucularia perrinib, Zilla spinosaa, Artemisia 
judaicaa, Salsola tetragonaa, Crotalaria saharaea, Antirrhinum ramosissimumc, Anvillea radiataa, 
Anabasis articulatac, Alhagi maurorumc,Salsola tetragonaa, Fagonia microphylla, Anabasis 
aretioides, Pulicaria crispa, Salsola baryosma, Solenostemma argel. 
2.2.4 The halophytic steppes 
The halophytic steppes cover huge areas in Algeria, Tunisia, Libya and Egypt. These pastures 
are mainly used by camels throughout the year but also by small stock during the dry season. 
The dominant species are mainly crassulescent chamaephytes of the Chenopodiaceae family. 
Atriplex halimusb, Atripley glaucab, Atriplex malvanaa, Atriplex coriaceaa, Suaedea 
fruticosaa, Suaedea brevifoliaa, Suaedea mollisa, Salicornia arabicac, Limoniastum monopetalum, 
Limoniastum guyonianum, Traganum nudatumb, A triplex mollisa, Atriplex 
portulaccoidesa, Salsola vermiculata var. villosaa, Salsola sieberia, 
Salsola tetrandrac, Arthrocnemum indicumc, Salicornia fruticosac, Inulacrythmoidesc, 
Halocnemum strobilaceum. 
3. Introduced species 
A good many browse species have been introduced from various parts of the world to northern 
Africa for the past 100 years and more. In many instances, however, these introductions were 
made for other purposes than browse; such is the case of the American vine stocks 
(Vitis rupestris, V. berlandieri, V. riparia and their hybrids), which turned out to be excellent 
browse and soil protecting species, although they have rarely been used to this aim. These 
were introduced some 120 years ago during the phylloxera crisis in Europe, and later for the 
expansion of vineyards over some 440 000 hectares. This is also the case of the mulberry 
introduced by the Arabs during the middle ages for silk production, as well as for its fruits. Morus 
alba is an excellent browse species as we shall see further; but it has hardly been used as such, 
at least for livestock feeding. The same thing applies to the olive, native to the country, but 
cultivated since some 2200 to 2500 years when the country was under Phoenician, then 
Carthaginian influence. 
Cacti were introduced from Central America to Spain during Colombus's second expedition 
(1494–96) at the end of the 15th century. They were taken to North Africa by the Moors when 
these, a few years later, were finally expelled from Spain at the end of the 15th century 
(Monjauze et Le Houérou,1965). Cacti (mainly Opuntia,ficus-indica) have thus been in North 
Africa for nearly 400 years and have become naturalized and multiplied by birds, especially in 
cliffs and other inaccessible places in the semi-arid and subhumid bioclimatic zones. They were 
cultivated for their fruits and used as fences. Their deliberate use as fodder is fairly recent, 
dating probably from less than 80 years ago. Other browse species were successfully 
introduced at the beginning of the present century. 
Gleiditschia triacanthos, the common honey locust was imported from the USA as a roadside 
ornamental tree, the pods of which are sometimes used as livestock feed. Honey locust is well 
adapted to the semi-arid and subhumid bioclimatic zone (400 < R < 800 mm) and can withstand 
very cold winters and relatively high elevations, probably up to 2000 m a.s.l. 
Prosopis juliflora and P. chilensis were probably introduced from central and southern America 
between the first and second world wars and were well adapted to the arid zone below 600–800 
m, i.e. wherever the mean minimum temperature of January is above +2°C. 
Atriplex nummularia was introduced from Australia to Tunisia some 80 years ago as a browse 
species for arid and semi-arid zones. The first plantations established and used by farmers in 
Tunisia date back some 40 years. Its extension in the arid zone is much more recent and was 
not implemented before the late 1960's (Franclet and Le Houérou,1971). Other species 
of Atriplex were introduced during the 1960's: A. canescens, A. vesicaria, A. semibaccata etc. 
(see Franclet and Le Houérou, op. cit.). Another promising recent introduction (Le Houérou, 
1965) is Chenopodium auricomum from central Australia. 
Australian wattles (phyllodinous Acacias) were introduced especially in Morocco, Libya and 
Tunisia for the purpose of coastal sand dune fixation, in the 1920's and 1930's. This is 
especially the case ofAcacia cyanophylla planted over many tens of thousands of hectares in 
these three countries. This species turned out to be an excellent browse. Other wattles were 
introduced more recently in the 1960s, especially A. salicina, A. ligulata and A. victoriae, which 
are very successful in the arid zone since they grow and produce in areas receiving as little as 
150 mm of annual rainfall. 
A very successful introduction in the semi-arid zone is Medicago arborea from the Greek 
islands. The same applies to the Russian olive, Eleagnus angustfolia, introduced from the Near 
East. 
One should also report that some species that raised great hopes for the arid zone produced 
rather mediocre results; two outstanding examples are the Kachia or Maireana (as they should 
now be called), this is also the case of the mulga A. aneura, and of A triplex semibaccata. 
Some native species have also been planted, although usually not for browsing purposes. Such 
as the olive, the carob, the ash (Fraxinus oxyphylla), the coronilla (Coronilla glauca, C. 
emeroides, C. valentina). The case of the olive deserves some comments as the cultivated olive 
occupies some 3 million hectares or 100 million trees in North Africa today. Leaves and twigs 
from pruning are fed to livestock while branches are transformed into charcoal. As the average 
annual production per tree is of the order of 10 kg of DM of leaves and twigs, the total 
production for the region is equivalent to the annual dietary needs of some 0.8 million sheep. 
Other native browse species successfully developed in plantations in the arid zone 
are Calligonum comosum and Periploca laevigata. 
The principal ecological requirements of cultivated browse species in Northern Africa are shown 
in Table 6. 
Table 6. Ecological requirements of some artificially established browse species in North Africa. 
Species Rainfall in 
mm 
Mean minimum 
temperature of 
January in °C 
Soils 
Acacia cyanophylla > 250 > 3 Deep sandy 
Acacia ligulata > 150 > 3 Deep sandy 
Acacia salicina > 150 > 3 Deep sandy 
Acacia victoriae > 150 > 3 Silty to sandy 
Artemisia herba alba > 150 >–2 Silty; Shallow 
A triplex canascens > 200 >–5 Sandy to silty 
Atriplex glauca > 150 > 1 Silty to clayey, saline EC < 30 
mmhos 
Atriplex halimus > 150 > 1 Silty to clayey, saline EC < 30 
mmhos 
A triplex nummularia > 200 > 1 Silty to clayey EC < 20 mmhos 
Brachychyton populneum > 300 > 3 Various 
Broussonetia papyrifera > 400 >–1 Various 
Calligonum comosum > 80 >–1 Drifting sand 
Cassia sturtii > 150 >   
Celtis australis > 700 > 1 Various 
Ceratonia siliqua > 300 > 3 Silty-sandy Rocky 
Chenopodium auricomum > 200 > 3 Various 
Coronilla glauca > 300 > 2 Silty, Shallow 
Eleagnus angustifolia > 300 >–2 Various 
Fraxinus oxyphylla > 500 > 1 Various 
Gleiditschia triacanthos > 400 >–5 Various 
Haloxylon aphyllum > 80 >–10 Silty-clayey 
Haloxylon persicum > 80 >–10 Sandy 
Medicago arborea > 300 > 2 Silty, Shallow 
Morus alba > 350 >–5 Various 
Olea europea > 200 > 2 Deep sandy 
Opuntia ficus indice ineraris > 200 > 1 Deep sandy 
Opuntia fusicaulis > 200 > 1 Deep sandy 
Opuntia inermis > 200 > 1 Deep sandy 
Periploca loevigata > 100 > 3 Shallow 
Prosopis juliflora > 200 > 2 Sandy 
Yitis berlandieri > 200 >–5 Various 
Vitis riparia > 200 >–5 Various 
Vitis rupestris > 400 >–5 Various 
Vitis vinifera > 200 >–5 Various 
From the above table it is obvious that with the available plant material, of some 35 species, one 
can meet most of the ecological conditions prevailing in northern Africa, except in the desert 
where rainfall does not reach the 100 m mark. 
4. Forage value 
The forage value of any consumed plants is the result of two main components: 
a) its palatability and voluntary intake by livestock; 
b) its nutritive value i.e. chemical composition and digestibility. 
4.1 Palatability 
4.1.1 General 
Palatability is a very complex notion, very difficult to generalize as it is linked to many variables 
in time and space; some of these variables are linked to the plant, others to the animal while a 
third category depends on various environmental factors. For a given species palatability for a 
given type of animal varies with the phenological stage, the organ concerned and the season. 
Moreover in almost any population, either natural or planted, of a given species of browse, there 
are various degrees of palatability from one plant individual to the net, ranging from highly 
palatable to poorly palatable. Palatability also depends on the relative abundance of the species 
under consideration on the rangeland; all other conditions being equal the palatability of a given 
taxon is inversely related to its abundance on the range, except for a few species which are 
specially relished in all circumstances ("ice-cream species" in American range management 
jargon). 
Besides these "internal" plant factors there are also "internal" animal factors which are: species 
and race of livestock, age, feeding habits, physiological and health status, nutritional status (an 
undernourished and hungry animal is less selective than a well-fed beast). As a rule, the content 
of crude fibre in a forage plays an important role in its selection by livestock. Forages with a high 
fibre content are usually better accepted by cattle than by sheep and goats; but this, in turn, 
depends on the proportions of the various components of fibre: cellulose, hemicelluloses, acid 
detergent fibre (lignocellulose), neutral detergent fibre (cellwalls) etc. But there are many other 
criteria for selection such as organoleptic qualities of the forage; the latter have hardly been 
explored in research. Mineral content may also be an important factor either limiting or 
favourable (usually limiting in low rainfall areas and favourable in high rainfall areas, when silica-
free minerals are concerned). Finally, the overall balance of the diet plays a major role in forage 
selection. It has been shown (Skouri, 1975) that the amount of highly fibrous material ingested 
depends to a large extent on the amount of protein in the overall diet. Besides these intrinsic or 
internal plants and animal factors there are also extrinsic or environmental criteria for selection. 
Some of those have been referred to above, such as the relative abundance of a given taxon on 
the range and the botanical composition of the forage available. The palatability of a given taxon 
of browse for a given type of animal depends to a large extent on the plant community or 
association in which this taxon is being browsed, since most of them occur in many plant 
associations under various ecological and bioclimatic conditions. It is a matter of competitivity or 
rather of "demand and supply". This is why a given species may be differently rated in the 
various plant communities (see paragraphs 2.2.1 and 2.2.2 above). 
This fact has been rightly stressed by Sarson and Salmon (1976). As a rule the palatability of a 
given taxon would increase with environmental aridity. There are, however, as usual, exceptions 
to this rule, perhaps due to unnoticed (by man) ecotypical or biochemical differences between 
various populations of a given taxon. An example of the first (normal) situation is Traganum 
nudatum more heavily browsed in the desert bioclimatic zone than in the arid zone. An example 
of the exception is Moricandia nitens (=M. suffraticosa) browsed in the arid zone of Libya, 
Morocco and Tunisia and ignored in the northern Sahara of Algeria. For these reasons an 
assessment of palatability of browse species is always to some degree subjective. 
It is, however, possible to reach some degree of objectivity in the rating of palatability for a given 
consumption experiment with a given plant material and a given group of animals. This may be 
achieved by measuring the rate of use of the forage available. However the result of a given 
experiment can hardly be extrapolated and generalized. In Northern Africa Le Houérou (1962, 
1965), Le Houérou and Ionesco (1971), Sarson and Salmon (1976) have proposed a scale of 
rating with 6 classes. 
Class  Rating Rate  ( =Biomass consumed )             Biomass Consumable 
1. Highly palatable HP 90–100% 
2. Very palatable VP 65–90 
3. Palatable   P 45–65 
4. Fairly palatable FP 10–45 
5. Occasionally palatable 
or   poorly palatable 
PP   1–10 
6 Not palatable     0–1 
Loiseau and Sebillota (1972) used a 5 grade rating and Ziani. (1970) a 4 grade rating. 
In the present study we shall consider four classes only: 
a)  Highly palatable to all livestock (class 1) 
b)  More or less palatable according to circumstances (classes 2-4). 
c)  Poorly palatable (class 5) 
d)  Not palatable (class 6) 
There are over 600 ligneous species in North Africa. Some are rare or localised endemics which 
play practically no role in animal nutrition at the regional scale. The following list of some 300 
species is restricted to rather common species or to uncommon species which are of high value 
and would deserve attention as to their agronomic potentials. The bulk of browse, however, is 
made out of a limited number of species (less than 100), whereas other species, of great 
potential interest, play a minor role because of their relative rarity. 
4.1.2 Rating of palatability of native ligneous species. 
Table 7 
Captions to the table 
Column 2: Bioclimatic zones 
D = Desert (mean rainfall < 100 mm) 
A = Arid (100 < R < 400) 
AI = Lower arid (100 < R < 300) 
AS = Upper arid (300 < R < 400) 
SA = Semi-arid (400 < R < 600) 
SH = Subhumid (600 < R < 800) 
H = Humid (800 < R < 1200) 
PH = Perhumid (1200 < R) 
Column 3 
F = Leaves 
R = Twigs 
Fl = Flowers 
F = Fruits 
Column 4 
HP = Highly palatable 
P = Palatable 
PP = Poorly palatable or occasionally palatable 
NP = Non palatable 
To = Toxic 
Column 5 
Bov = usually browsed by bovines, cattle 
Ov = usually browsed by ovines, sheep 
Cap = usually browsed by caprines, goats 
Ch = usually browsed by camelines 
                              (dromedaries) 
(Bov) occasionally browsed by bovines 
(Ov) occasionally browsed by ovines 
(Cap) occasionally browsed by caprines 
(Ch) occasionally browsed by camelines 

  

 

  
1. Cistus species: C. albidus, C. crispus, C. incanus, C. ladaniferus, C. laurifolius, C. 
libanotis, C. monspeliensis, C. parvifolius, C. polymorphus, C. salicifolius, C. salvifolius, 
C. sericeus, C. varius, C. villosus. 
2. Euphorbia, ligneous species: E. balsamifera (Maroc), E. baumierana (Maroc), E. 
bivonae, E. characias, E. dendroides, E. echinus (Maroc), E. guyoniana, E. regisjubae 
(Maroc), E. resinifera (Maroc). 
3. Common Genista species: G. cacanthoclada (Libye), G. aspalathoides, G. caballeroi 
(Maroc), G. cephalantha, G. cinerea, G. demnatensis (Maroc), G. erioclada, G. ferox, G. 
florida, G. microcephala, G. myriantha (Maroc), G. numidica, G. quadriflora, G. 
retramoides, G. saharae, G. spartioides, G. tricuspidata, G. ulicina, G. umbellata, G. 
vespres. 
4.2 Voluntary intake 
There are, unfortunately, very few experimental data on this subject in the region. El Hamrouni 
and Sarson (1976) working with sheep on a purely browse diet in the maquis of northern Tunisia 
found that intake of browse is closely related to the liveweight of the animals. The relation found 
was: 
           Y = 37.85 X +43.2 
where Y = grammes of DM ingested daily 
X = liveweight of animal in kg. 
This corresponds to a daily consumption of 3.8 kg of DM per 100 kg liveweight. Working with 
goats, Sarson in central Tunisia and Novikoff in Southern Tunisia, found a daily consumption of 
57 and 60 g of DM per kg of liveweight respectively. Cattle are not supposed to ingest daily 
more than 2.9 kg of DM per 100 kg of liveweight; in fact this classical figure seems too low, both 
in northern Africa and in the tropics where consumptions of 3.0 to 3.5 kg/100 kg liveweight have 
been reported. 
In summary, cattle, sheep and goats can consume up to 3, 3.8 and 6.0% of their body weight in 
dry matter daily. Camels can ingest daily 2.5 to 3.0% of their body weight in dry matter (a figure 
I have computed from various sources quoted by Ortiz and Mukassa, 1979). However, like 
goats and unlike sheep and cattle they can thrive on a permanent basis on a pure browse diet. 
Sarson and Salmon (1978) have clearly and satisfactorily explained why cattle and sheep 
cannot meet their nutritional needs on pure browse diet whereas goats do. This is shown in the 
following table where the needs and possibilities of ingestions per 100 kg of liveweight are given 
for cattle, sheep and goats. 
Maintenance needs/100 kg liveweight Cattle Sheep Goats 
A FU 1.9. 1.33 1.13 
B Quantity DM 
ingestible (kg) per day 
  
2.9 
  
3.8 
  
6.0 
Minimum ratio FU/kg 
DM to meet maintenance needs 
  
 
0.65 
  
 
0.35 
  
 
0.19 
As nutritional value of browse is of the order of 0.25–0.40 FU per kg of DM, according to Sarson 
and Salmon, browse alone cannot ensure the maintenance requirements of cattle (0.65 FU/kg 
DM); browse can ensure maintenance of sheep (0.35 FU/kg DM) but does not allow production; 
with goats maintenance and production may be provided on a pure browse diet (0.19 FU/kg 
DM). 
This explains why only goats, camels and a few wild herbivores can survive on depleted 
rangelands, as often occur in arid zones where browse often constitutes the only feed available 
for long periods of time. This is also why goats and camels are much less affected by 
catastrophic droughts than sheep and cattle, as experienced in the Sahel in 1969-73 and in 
East Africa in 1971-74. 
4.3 Chemical composition and nutritive value 
Table 8 (1-32) shows the data from 323 analyses of some 110 browse species belonging to 78 
genera and 30 families. Eighty are native species while 30 are exotic but extensively used in the 
region. Basic chemical analyses are: 
a)  Percentage of dry matter (DM) on the fresh product. 
b)  Ashes or total minerals obtained by calcination in furnace at 600°C. 
c)  Silica: part of ashes non soluble in HC1. 
d)  Crude protein: N Kjeldahl x 6.25. 
e)  Crude fibre residue from reaction by concentrated triacid solution under heat. 
f)  Crude fat: Ether extract. 
g)  Macro-elements: P, Ca, K, Na measured either by complexometry or spectrophotometry. 
h)  Nitrogen free extract: difference 100– (CP + CF + Ash + FAT) 
Nutritive value has been estimated from these data by computation using the so called "Dutch 
tables" (Dijkstra, 1957) for green legumes. One table gives the net energy value knowing the 
contents of the forage in ashes and crude fibre; another table provides the figure for digestible 
protein knowing the crude protein. The tables established for legumes show a content in net 
energy about 10% lower than those established for grasses for a given combination of CF and 
ash. Digestible protein amounts to approximately: 0.93 CP –3.52 (Demarquilly et Weiss, 1970). 
All data are expressed in percentage of dry matter. 
I have not used the evaluation of nutritive value made by the various authors of the data utilized, 
except those of Piccioni, which are separated and given for the sake of reference and 
comparison. This is because there are very large differences of interpretation between the 
various authors due to their use of various ways of estimating forage value. These differences 
may vary from 50% less to 200% more, or even greater than that, for a given combination of 
raw data in chemical analyses. We shall come back to this point further on. In this situation the 
comparison of such data is meaningless. 
In order to render the data compatible and comparable I have only used the raw data from 
chemical analyses, i.e. DM, CP, CF, ash, ENA, FAT, provided by the authors of the various 
publications consulted. I have then computed the forage value from Dijkstra tables for green 
legumes. These tables concern forages having 18-42% CF and 5-25% ash, and 8-25% ash, 
and 8-25% CP. Extrapolation of the tables were made for the cases not fitting these frames, 
which amount to a relatively limited number. 
Source Ash CP CF Fat Dig. 
Coef. OM 
FU Kg 
DM 
MJ 
kg DM 
Wilson 29.5 20.6 – – 68.8 0.40 2.75 
El Hamrouni and Sarson 30.4 22.0 10.0 3.3 52.8 0.28 1.57 
Le Houérou, Extrap. of 
Dijkstra's tables 
26.1 19.3 13.3 3.1 – 0.72 5.00 
This method, I am fully aware, is subject to criticism; it does, however, have the great advantage 
of making the evaluations of fodder value comparable for all analyses examined in this paper, 
which would not be the case otherwise, as mentioned before. In other words the evaluations 
made in the present paper are not correct and accurate in absolute value terms (they cannot be 
so, anyway as long as there are not detailed and numerous digestibility experiments) but they 
are comparable. Had I only reported the various authors' evaluations, the data would have been 
neither correct nor comparable. 
Some authors have, probably very rightly, expressed serious doubts about the validity of using 
the "Dutch tables" (established from classical temperate climate fodders) for Mediterranen or 
tropical fodders, and especially browse. The facts are that the too few digestibility experiments 
available in the literature (in vivo and in vitro) show great variability in the digestibility of browse 
(30 to 72% of the organic matter). 
Geri and Sottini (1970) working on browse species of the Mediterranean maquis in Sardinia 
found a regression fitting the following equation: DC = 57.49 – 0.232 CF– 0.725 Fat where DC 
= in vitrodigestibility coefficient of the organic matter CF = crude fibre; Fat = Crude fat. This 
predictive equation results in Apparent Digestibility Coefficients of Organic Matter usually below 
50% (with an average 25% CF and 4.5% fat). 
However several authors have found Apparent Digestibility Coefficients that are sometimes 
much higher than 50% for browse, using either in vivo or in vitro method. For instance: Rose-
Innes (1976): 54–70% (O.M.), Ghadaki Van Soest et al (1974): 52-59% (O.M.), Wilson (1977): 
29-69% (O.M.), Leight, Wilson et al (1978): 29-62% (D.M.). 
E1 Hamrouni and Sarson have calculated the nutritive value of some 110 species of browse in 
Tunisia using Geri and Sottini's regression for the determination of the digestibility coefficients 
and Breirem's equation for the evaluation of Net Energy: 
NE =236 D OM –1.2 (OM-D OM) 
                     1650 
where NE = Net Energy in Feed units per kg of DM 
          OM = Organic Matter 
          DOM = Digestible Organic Matter (OM x AD 
                       COM) 
         ADCOM = Apparent Digestibility Coefficient of 
                          Organic Matter 
The values found by El Hamrouni and Sarson seem very low as compared to more classical 
figures. If, for instance we compare the Net Energy in A triplex nummularia leaves, using three 
different methods of evaluation, we obtain the following figures: 
E1 Hamrouni and Sarson find an average 2.1 MJ (0.30 FU) per kg of DM over 110 species of 
browse in Tunisia; whereas using Dijkstra tables, we find 4.8 MJ (0.70 FU) over 110 species. 
The use of the Dutch tables and their extrapolation result in Net Energy figures that seem much 
too high, whereas E1 Hamrouni and Sarson's figures would seem too low (although the data 
they reach for classical forages such as alfalfa or fescue are generally in agreement with the 
literature). 
It may well be that E1 Hamrouni and Sarson's figures are the closer ones to the real values. I 
feel, however, that we need further evidence before this method of estimation of the feeding 
value of browse is generalized. It is even doubtful whether a generalized and valid predictive 
model could be found for all browse, given the large differences in chemical composition and 
digestibility between families and species. 
Table 8 31 shows the average figures for the 323 analyses of the 110 species studied on North 
Africa; and for the sake of comparison, the average figures obtained by El Hamrouni and 
Sarson in Tunisia from 120 analyses of 112 species (48 natives + 64 exotics), the average 
figures for West tropical Africa are also shown (540 analyses over 105 species). The raw data of 
chemical analyses are very similar except for crude fibre which is markedly lower in West 
African browse, probably due to the fact that the data include a relatively important proportion of 
pods of legumes having a low fibre content. 
The interpretations of the nutritive value differ very strongly due to the different methods of 
evaluation in the three cases. West African browse analyses were interpreted using the tables 
of Dijkstra for grasses. Whereas North African browse analyses were assessed by the use of 
Dijkstra's tables for legumes, in which the amount of energy for any given combination of ash 
and crude fibre is about 6% lower than for grasses. Therefore the average of 6.0 MJ per kg of 
dry matter in West African browse would have been about 5.7 MJ had one used the legumes 
table. This figure comes then closer to the one found for North African browse (4.9 MJ). Now if 
we interpret E1 Hamrouni and Sarson's raw data through the same table we find the average 
Net Energy value of 5.4 MJ/kg DM, which is halfway between the two other figures. If we 
interpret E1 Hamrouni and Sarson's data using the "Grasses table" of Dijkstra one finds a Net 
Energy value of 5,96 MJ/kg MD, i.e. 2.8 times higher than the one arrived at by these authors 
with the method described above. In other words the interpretation of chemical analyses for the 
evaluation of feed value of browse remains a field of high uncertainty and controversy. 
The issues raised here seem of paramount importance; intake, digestibility and nutritive value of 
browse should be given a high priority in animal nutrition research in northern Africa as well as 
in the tropics, if one is to make a realistic and reliable assessment of the value of browse in the 
feeding of ruminants. The issue is one of development policy: should one develop or not the use 
of browse, through browse plantations for instance? 
There is a dearth of data on trace elements and carotene content of North African browse. 
Aguer (1973) finds an average of 36 mg (17-74) of β carotene per kg of dry matter in the leaves 
of Atiiplexhalimus and A. nummularica in summer in Tunisia; he suggests that the content in 
carotene may be one of the criteria for browsing preference between species and strains 
of Atriplex offered in cafeteria trials. 
4.4 Apparent digestibility coefficient of organic matter in some North 
African browse species (average values) 
Species ADCOM Method Reference 
Acacia aneura 45.6 in vivo Woodman, 1942 
Acacia aneura 44.0 In vitro Wilson, 1974 
Acacia pendula 45.0 in vitro Wilson, 1977 
Anthyllis vulneraria 57.3 in vivo Piccioni, 1965 
Arbustus unedo 75.0 in vivo Schmidt-Burr, 1972 
Arbutus unedo 55.7 in vitro Geri-Sottini, 1970 
Artemisia herba alba 69.1 in vivo Ziani, 1966= 
Artemisia herba alba 54.2 in vitro Ghadaki, Van Soest and al, 1974 
A triplex canescens 57.8 in vitro Ghadaki; Van Soest and al, 1974 
A triplex canescens 54.0 in vitro Ghadaki, Van Soest and al, 1974 
A triplex glaucca 67.9 in vivo Schmidt-Burr, 1970 
A triplex nummularia 68.8 in vitro Wilson, 1977 
A triplex nummularia 46.0 in vivo Ben Ameur-Blomeyer, 1974 
A triplex semibaccata 59.8 in vivo Corriols, 1965 
Atriplex vesicaria 52.9 in vitro Wilson 1977 
Ceratonia siliqua (Fr) 89.6 in vivo Woodman, 1942 
Erica arborea 40.1 in vitro Geri-Sottini, 1970 
Fraxinu oxyphylla 65.3 in vitro Geri-Sottini, 1970 
Myrtus communis 55.6 in vitro Geri-Sottini, 1970 
Noaea mucronata 42.3 in vitro Ghadaki, Van Soest, 1974 
Olea europaea oleaster 44.0 in vivo Ben Ameur-Blomeyer, 1974 
Opuntia ficus-indica 60.3 in vivo Theriez, 1966 
Phillyrea angustifolia 51.0 in vivo Schmidt-Burr, 1972 
Pistacica lentiscus 36.8 in vitro Geri-Sottini, 1970 
Pistacia lentiscus 38.8 in vivo Derkaoui, 1977 
Prosopts juliflora (Fr) 76.0 in vivo Frays, 1925 
Quercus ilex 40.9 in vitro Geri-Sottini, 1970 
Quercus pubescens 45.7 in vitro Geri-Sottini, 1970 
Spartium junceum 62.2 in vitro Geri-Sottini, 1970 
5. Productivity 
5.1 General remarks 
Browse productivity is not very well known for a number of reasons, one being the difficulty of 
accurately measuring consumable primary production. Secondary production, or in other words 
the primary production actually consumed as measured in terms of animal intake, is no easier to 
estimate, as browse plants are always mixed to a greater or lesser degree with other kinds of 
feed: grasses, legumes, forbs, etc. Nevertheless, measuring productivity in artificial plantations 
presents no problem, owing to their homogenous nature in terms of age, phenology, size, 
spacing, soil, etc. 
On the other hand, the various productivity values are spread out over a wide range, according 
to ecological conditions and, above all, mean annual rainfall and soil quality. In North Africa, 
natural browse ecosystems are limited to uncultivated areas, or in other words land which is too 
arid or too poor to be cultivated. There is thus a certain homogeneity in the soil conditions in so 
far as these are always poor for one reason or another, such as too much or too little water, 
shallowness, toxicity, etc. For this reason we shall examine productivity over broad ecological 
zones basically determined by average rainfall. Nonetheless, in any given range of rainfall 
productivity also varies according to the botanical composition and vegetation structure of the 
browse community. Botanical composition and vegetation structure largely depend, in their turn, 
on management practices and in particular on the degree of degradation and the resilience of 
the plant communities resulting from these practices. In any given ecological zone productivity 
often varies by a factor of 1 to 5, and sometimes more, in accordance with these factors. 
Moreover, Liacos and Moulopoulos (1967) and Papanastasis and Liacos (1980) have 
demonstrated that great differences in palatability and productivity which occur between 
biotypes within a given population of Quercus coccifera in Greece. Elsewhere, these two 
aspects have not been much explored, although qualitative observation of both native and 
artificial plantations demonstrates clearly that palatability and productivity range widely within 
practically any population of any browse species. For all these reasons, our evaluation of 
browse productivity can only be approximative. 
5.2 Production of browse in the semi-arid and humid bioclimatic zones 
As mentioned above (Section 2.2), rangeland pasture in the semi-arid and humid zones 
(P>400mm) is made up almost entirely of forests or degraded forests (matorral), and specially 
of the latter. Production figures vary from under 200 to over 1500 kg of consumable feedstuffs 
per ha and per year, according to vegetation types and rangeland condition. (Le Houérou, 1971 
and 1975; Sarson and Salmon, 1977). These figures are comparable to those found for similar 
types of vegetation on the northern shores of the Mediterranean (le Houérou, 1971, 1980). 
Some types of vegetation are virtually unproductive, even in areas of heavy rainfall and on good 
quality soils. Such is the case for dense populations of Cistus spp. and, in 
particular, C. monspeliensisor Pteridium aquillnum (it should be mentioned that these types of 
vegetation are the result of uncontrolled fires and overstocking). (Le Houérou, 1973, 1980). 
Other types of vegetation provide relatively high production around 1000-1500 of DM a year of 
edible (or 550,000 to 775,000 kcal of net energy, i.e. 2300 to 3240 MJ). Such is the case for 
matorrals dominated by Quercus ile, Q. pyrenaica, Q. suber, Q. faginea, Olea europea, 
Phillyrea angustifolia, etc. 
Some species are pollarded, and the branches and twigs given as feed to livestock in the farms 
and villages. This practice is earned out with the ash, Fraxinus oxyphylla, the elm, Ulmus 
capestris, the oaks, Q. pyrenaica, Q. suber, Q. faginea, the arbutus, Arbutus unedo, the 
olive 0. eruopa sativa, and the carob, Cerationia siliqua. 
Average productivity varies according to annual rainfall (Le Houérou and Hoste, 1977); 
production of natural browse on rangeland alone is about 1 to 1.5 kg of DM actually consumed 
per ha and per mm of rainfall, taking into account that only 50% of consumable biomass 
(leaves, twigs, flowers and fruit) is in fact consumed owing to problems of access: high 
branches out of reach of the animals and the inner production of bushes with an introverted 
habit. Thus, in the semi-arid zone, production is 500–600 kg of DM consumed, in the subhumid 
zone 600–800, in the humid zone 800–1200 kg, and in hyperhumid areas 1220–2000 kg. 
Artificial browse plantations have a much higher production as they are planted on better soils, 
and because they are better managed and maintained. The carob produces from 40 to 80 kg of 
fruit per tree per year. An adult plantation of 600 trees ha thus produces 6000 kg of pods, or 
8.8x10 kcal/ha/ year in terms of net energy, enough to satisfy. The energy needs of 20 adult 
sheep for a year. 
The production of the false acacia (Gleditschia triacanthos) is comparable to that of the carob, 
except that the tree starts producing earlier (5–10 years old instead of 10–15). Spineless cacti 
(especiallyOpuntia ficus indica var. inermis), are planted mainly in the arid and semi-arid zones. 
In the semi-arid zone, the production of well-managed adult plantations varies from 50 to 200 t 
of green matter per ha per year, with an average of 80 t, that is 7000 kg of DM/ha/year 
(Monjauze and Le Houérou,1965). As there are more than 200,000 ha of cacti in the semi-arid 
and subhumid zones, the total production is this in the region of 1.4 million t of DM. 
Pruning olive trees produces about 10 kg of DM of leaves and twigs per year, per tree; as there 
are about 100 million cultivated olive trees in North Africa, this by-product represents the yearly 
energy needs of some 0.8 to 1 million sheep, or 3.3% of the forage fodder available for the 
North African herd. 
Plantations of tree Lucerne (Medicago arborea) can produce around 3500 kg of DM/ha year1, in 
the areas of annual rainfall of 350–450 mm, or 4 million kcal of net energy and 350 kg of DP per 
ha per year (E1 Hamrouni and Sarson, 1974). 
1These figures concern only the productivity of browse plants; the additional production 
of the grass stratum is roughly 50% of that of bushes. 
Plantations of tree coronilla (C. glauca and C. valentina) produce nearly as much fodder of the 
same quality; as free Lucerne,.i.e. with a feed value nearly as rich as common lucerne. 
Plantations of salt bushes, especially Atriplex nummularia and A. halimus, produce nearly the 
same quantity of fodder as tree Lucerne, and of a quality nearly as rich and digestible (Le 
Houérrou, 1969; Franclet and Le Houérou 1971; Aguer, 1973). In other words, the average 
bush, whether it be tree Lucerne coronilla, or Atriplex, produces on average 1 to 3 kg of edible 
DM a year in the semi-arid bioclimatic zone (350-600 MM) according to the density of the 
plantation (1000 to 3500 bushes/ha) and the management methods used. The production 
figures quoted above were obtained by harvesting, carried out simultaneously by men and 
sheep. These plantations of tree Lucerne coronilla and saltbush, which were 35–40 years old in 
1980, are still being used at Ksar Tyr-Montarnaud, in Tunisia. 
5.3 In the arid zone 
In the arid zone the production of chamaephyte shrubs, such as Artemisia herba alba, 
Rhanterium suaveolens, Gymnocarpos decander, Helianthemum lippii, Helianthemum 
kahiricum, Echiochilon fruticosum, Salsola vermiculata and Anabasis orpediorum can represent 
the greater part of fodder production, i.e. 60 to 80%, or 50–90%, expressed in kg of DM/ha/year, 
according to Le Houérou et al (1974) and Floret and Pontanier (1978). In Algeria, Le Houérou et 
al found an average figure of 74% in the Hodna area. For southern Tunisia, the figure is 69% for 
a period of 7 years, on different types of pastures. 
This proportion varies according to seasonal rainfall distribution, the nature of the soil and the 
topography, the condition of the rangeland and its degree of degradation. In Algeria, for 
example, Le Houérou et al found that shrubs made up 80% of production on pastures on which 
grazing had been prohibited for 5 years, consisting of Artemisia herba alba and Neaea 
mucronata, whilst on pastures with similar plant communities subject to continuous grazing the 
proportion fell to 64%. Grazing experiments in the same region have shown that the proportion 
of shrubs in fodder production was inversely proportional to the stocking rate: 
64% for 1 sheep/ha 
74% for 1 sheep/2ha 
76% for 1 sheep/4ha 
78% for 1 sheep/6ha 
80% 1 sheep/pasture banned for grazing. 
The total production of the steppes of North Africa varies from 9.5 to 5 kg of DM/ha/year for 
each mm of rainfall. The average is 2 kg of edible DM/ha for each mm of rainfall (Le Houérou, 
1975; Le Houérou and Hoste, 1977). 
Floret and Pontanier (1978) found a figure of 4.6 kg of DM/ha/year/mm on pasture in good 
condition consisting of Rhanterium suaveolens and Stipa lagascae near Gabes: this was based 
on observations made over a period of 7 years. In another relatively degraded site, more typical 
of the current state of grazing land they found 2 kg of DM/ha/year/mm during the same period 
and in the same area. On a poorer pasture made up of Anarrhinum 
brevifolium and Zygophyllum album growing on a gypsum layer in the same region, they found 
1.18 kg of DM/ha/year/mm over the same period. These figures coincide perfectly with the 
predictions of Le Houérou and Hoste. Given an average shrub production of 70% in the overall 
production of the arid zones rangelands, the average quantity produced would be 1.4 kg of 
DM/year/mm. The total shrub production of the arid zone rangelands in North Africa would 
therefore be: 
(35 106ha) (1.4 kg  250 mm) =12.25 106 tonnes of DM/year. 
Assuming utilization of 50%, this represents the fodder needs of 12 million adult sheep. 
The desert pastures cover some 52 million ha; their bushes produce: 
1.4 kg  75 mm  52  106 ha = 5.4  106 tonnes DM; 
That is, the equivalent of the fodder needs of a further 5.4 million adult sheep. 
The bushes of the arid and desert zones rangelands are thus capable of nourishing 17 million 
adult sheep, or more than half (53%) the ovine population of the region. 
6. Management 
Nearly all the North African rangeland belongs to the community or the state, and grazing rights 
are adjudicated according to the traditional legal system. Hardly any rangeland is individually 
owned, fenced in for the use of the owner alone. In such a situation it is in the interest of each 
user to take maximum advantage of the common resources, without the relationship being 
reciprocal. This system which effectively amounts to looting can only lead to exhaustion of the 
rangelands and a decline in productivity. 
Moreover, since cultivated land is, on the contrary, worked individually, either according to 
traditional rights of tenure or as private property, and since population pressure is increasing 
very fast, all the cultivable rangeland either has been or is in the process of being subject to 
clearance and cultivation. Rangeland thus tends to be limited to land with soil which is either too 
stony or too shallow, arid, or salty to be cultivated. 
Nevertheless, over the last 50 years many experiments and a limited number of large-scale 
development plans have demonstrated that most of the rangeland could be restored and its 
production doubled, tripled or even quadrupled under good management conditions. Good 
management means: 
a)  Controlling stocking rates in order to balance utilization and ensure sustained, long-term 
production; 
b)  practising rotational grazing in order to allow recovery of palatable species; 
c)  using various improvements such as water conservation, erosion control, the setting up of 
watering points for livestock, and reseeding of pastures; 
d)  building up fodder reserves, such as plantations of browse fodder. 
These techniques are all well known and applied in other parts of the world, and it has been 
demonstrated that they are both applicable and economically viable in North Africa as well. The 
establishment and management of browse plantations was the subject of a separate study 
made by the author of this report, so the subject will not be treated here. 
Caption to table 8 
The symbols used in the tables below read as follows: 
Column 2 
FJ = Young leaves                            Fv = green leaves 
R = twigs                                           FS = dry leaves 
Fr = Fruits                                         FrV = green (immature) fruits 
FrS = dry fruits                                  Ml = meal 
G =Seeds                                         GM = mature seeds, 
GS = dry seeds 
F = leaves                                       Column 3 
FM = mature leaves                         Alg. = Algeria 
FJ = young twigs, sprouts                Lib. = Libya 
FrJ = young fruits                              Eg. = Egypt 
Fl = flowers                                        Mar. = Morocco 
FJ = immature seeds                        Tun. = Tunisia 
Am = Kernel                                      N.A. = North Africa 
Column 4 
month – year: 06 70 = June 1970 
>54: no date but before 1954 where the data were published 
SS = dry seasons 
SSF = cool dry season (Nov. –Feb. in Sahel) 
SSC = hot dry season (March–June, in the Sahel) 
SH =rainy season 
Column 5 
Dry matter (DM) in % of fresh matter 
Column  6  Crude protein (CP) in % DM 
Column  7  Crude fibre (CF) in % DM 
Column  8  Crude fat in % DM 
Column  9  Nitrogen free extract (NFE) in % of dry matter 
Column  10  Digestible protein (DP) in % of dry matter 
Column  11  Net energy (NE) in MJ per kg of DM 
Column 12 Nutritional ratio DP (g/kg DM) 
                                            FU (kg DM) 
Column 13  Ash (total minerals) in % DM 
Column 14  Silica in % DM 
Column 15–19 Macro-elements in % DM 
Column 20  Reference (see no in bibliography) 









 7. Conclusions 
It can be said that browse plants form the basis of animal feeds in North Africa. They constitute 
60 to 70% of rangeland production, which in its turn, represents some 60% of animal feed 
resources. It can thus be estimated that browse plants represent around 40% of the total animal 
feeds available in the region. 
The different browse ecosystems of the region have been examined and briefly described as far 
as their structure, botany, dynamics and productivity are concerned. The annual productivity of 
browse plants is about 1.5 kg of DM/ha/mm of annual rainfall, of which roughly 50% is actually 
consumed. About 35 types of browse plants, most of them exotic, have been tried out and used 
in the region with favourable results, which proves that it is possible to establish man-made 
browse reserves under nearly all ecologic conditions with the exception of pure desert. These 
man-made reserves represent some 0.5 million ha in the region. 
The palatability, chemical composition and nutritive value of some 300 and 110 species 
respectively have been studied. Most browse production comes from a limited number of 
species (100). Chemical composition and nutritive value show that browse plants are rich in 
protein and mineral salts; they thus provide relatively good fodder in terms of net energy value. 
Browse intake depends on the species and breed of animal; sheep are able to take in 30–40% 
more DM per unit of weight than cattle, while goats can ingest twice as much; camels although 
able to feed solely on browse plants, take in less DM per unit of weight than cattle. 
Unfortunately, owing to inadequate or insufficiently enforced legislation, browse grazing land is 
gradually diminishing not only in area owing to clearance for cultivation, but also owing to over 
utilization in productivity. 
From the research point of view it is difficult to evaluate the nutritive value of browse accurately, 
because of the scarcity of data on digestibility intake and energy value. The percentage of 
carotene and trace elements in browse is an important factor in animal nutrition of the region, 
but there is scarcely any documentation on the subject. There are also very few trustworthy data 
on browse productivity. 
The principal obstacles to an improvement in the situation lie in the fact that there is no 
adequate legislation covering the utilization of the rangeland of the region, of a kind which would 
ensure long-term sustained productivity. As long as rangeland resources are used communally 
while herds and flocks are private property, it is in the interest of each user to extract the 
maximum advantage from communal resources, without worrying about the long-term effects. 
Another bottleneck is the lack of local, experienced technicians to apply development plans, as 
well as inadequate administrative structures, which should consist of people competent enough 
to deal with the difficult and complicated problems involved in the management and 
development of rangelands. 
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1. Introduction 
Forage trees and shrubs play an essential and multiple role in the balance of the Sahelian and 
Sudanian ecosystems exploited by man and his animals. This role becomes more important as 
the dry season grows longer, and decreases as the mean annual rainfall increases. It therefore 
grows less important from north to south according to the rainfall gradient, which is about 1 mm 
per km, or 110 mm per each degree of latitude. 
The main contributions of ligneous species to the lives of people and animals in the Sahelian 
and Sudanian zones are: 
a) to supply animals with the protein, minerals and vitamins necessary in a well-balanced diet 
for the flocks and herds, which must survive a dry season lasting 5–11 months annually, or even 
longer in case of an abnormal drought; 
b) to produce firewood and charcoal, which represent over 90% of the energy consumed by 
Sahelian and Sudanian populations; 
c) to supply wood for building and fencing; 
d) to produce wood and fibre for making tools and utensils; 
e) to produce fibres for clothing, wickerwork, rope and other uses; 
f) to produce various foodstuffs for human consumption (fruit, spices, fat, etc); 
g) to produce medicines, dyes, tannin and other material; 
h) to provide shade and act as a micro-climate for plants, animals and soils and to prevent wind 
and water erosion; 
i) to provide a means of increasing or maintaining soil fertility and productivity and the long-term 
balance of highly sensitive ecosystems. 
However, trees and shrubs are seriously threatened, especially in the Sahelian zone, owing to 
the combination of a number of natural and anthropogenic factors: 
a) periodic droughts; 
b) the fast growth of human and animal populations, leading to overexploitation; 
c) the tendency of previously nomadic or transhumant populations to become sedentary leading 
to a constantly increasing pressure by man and his animals; 
d) the development of bush-clearing and the fast growing expansion of cultivated areas;  
 
e) the reduction or total disappearance of fallows with the result that browse is gradually 
eliminated from cultivated areas (except in the traditional well-balanced agro-pastoral or agro-
forestry systems, such as those with Acacia albida, the shea butter tree (Butyrospermum 
paradoxa) nere (Parkia biglobosa), Borassus palm (Borassus aethiopum), baobab (Adansonia 
digitata) etc., which are usually found in the Sudanian zone). 
From a strictly pastoral point of view, and with no supplementation being given, browse should 
represent at least 20% of livestock diets during the dry season in the Sahelian and northern 
Sudanian zones. Ideally the ration should reach 30%. These feeding requirements correspond 
to densities of 200 to 2000 browse trees shrubs per ha, i.e. a plant cover of 525% of the land 
surface, depending on rainfall and grass cover productivity. 
The healthy management of Sahelian and Sudanian ecosystems thus depends on the action 
taken to maintain the balance between: 
a) browse and grass cover; 
b) trees, shrubs and undershrubs1; 
c) the various ranges of ages within each specific population, so as to maintain a well-balanced 
and perennial vegetation cover. 
1shrub = a ligneous plant with only one trunk at the base and generally bearing low branches 
having a height less than 5 m; undershrub= a ligneous plant with a multiple trunk at base and a 
size ranging from 1-5 m. 
Browse tree/shrub stands offer a real opportunity for upgrading the soil and improving micro-
climates and livestock production conditions, particularly in the Sudanian zone. These 
techniques, currently well-advanced in the Mediterranean arid and subhumid zones, have only 
rarely been investigated and tested in the tropics until now, except for experiments with Acacia 
albida in West-Africa and A. Senegal in Sudan. 
More effective research should be undertaken in the following fields; 
a) management and utilization of browse in natural stands; 
b) browse nutritive value and utilization for animal feeds; 
c) establishment management and utilization of native and exotic species plantations and their 
integration into pastoral and agro-pastoral systems. 
Table 1. Shows the detail of the various tropical climates 
Zones Sub-climates Ecological Zones Rainfall Length of the 
dry season 
(in months) 
7 Desert Saharo-Sindian R < 100 RS Σ 1 
6b Arid Saharo-Sahelian 100 < R < 200 1 < RS < 3 
6a Arid Sahelian s.s. 200 < R < 400 2 < RS < 4 
5 Semi-arid Sudano-Sahelian 400 < R < 600 3 < RS < 5 
4 Subhumid North-Sudanian 
(& South-Miombo) 
600 < R < 800 4 < RS < 6 
3 Humid South-Sudanian 
(& North-Miombo) 
800 < R < 1200 5 < RS < 7 
2 Very humid North Guinean 
North Congolese 
1200 < R < 1500 7 < RS < 10 
1 Pluvial South Guinean 
South Congolese 
1500 < R 10 < RS 
Table 2.Tropical climates: distribution of livestock, vegetation and land use 
Zone Sub-
climate 
Vegetation Animals Land use 
7 Desert Punched vegetation Perennial 
grasses 
Camels, goats, some sheep Long-range 
nomadism, no 
crops without 
irrigation 
6b Arid Evenly spread vegetation 
perennial grasses—
Mimosoideae scrub in low-lying 
areas 
Camels, goats, sheep, cattle 
during rainy season 
Nomadism and 
transhumance. no 
crops without 
irrigation 
6a Arid Evenly spread vegetation —
Mimosoideae and animal grass 
shrub 
Cattle (zebu), sheep, camels Transhumance, a 
few subsistence 
millet crops 
5 Semi-
arid 
Savanna with Combretaceae and 
annual grasses; some perennial 
grasses in lowlying areas 
Cattle (zebu) sheep, goats, a 
few camels 
Transhumance, 
sedentary 
agriculture — 
millet, cow pea 
fast-growing, 
groundnuts, no 
fodder crop 
4 Sub-
humid 
Savanna and open woodland 
with Khaya, Parkia, 
Butyrospermanus and 
Andropogon gayanus 
Cattle (zebu) sheep, goats Sedentary 
agriculture and 
transhumance 
herds. Millet, 
Sorghum, 
Groundnuts, 
cowpea fodder 
crops and sowr 
pastures possible 
3 Humid Open woodland and savanna, 
with Daniella, Uapaca, 
Cattle (zebu and taurine) sheep 
and goats. 
Sedentary 
agriculture 
Crosopterix, Isoberlinia Burbea-
Gardenia, Perennial 
grasses: Hypenthelia,Andropogon 
ModerateGlossinainfestation Sorghum 
Groundnuts, 
Cotton, Maize, 
Tobacco, Sweet 
potatoes, 
Cassava, 
Mangoes, 
Cashew nuts, 
pasture and 
fodder crops. 
Husbandry limited 
by 
Trypanosomiasis 
2 Very 
humid 
Forest, derived savanna with 
perennial grassesPanicum 
maximum 
Cattle (trypanotolerant taurine) 
trypanotolerant dwarf sheep 
and goats; 
considerableGlossinainfestation 
Nearly all tropical 
crops: Sorghum 
Maize Cassava, 
Yam, Banana, 
Sugar Cane, Rice, 
Coffee Timber 
production: little 
animal production 
(Trypanosomiasis) 
1 Pluvial Rain forest A few trypanotolerant cattle and 
dwarf goats 
Oil palm, Hevea, 
Cocoa, Coffee, 
Timber production 
There can be no doubt that rational management of Sahelian and Sudanian savanna involves 
priority action consisting of three interdependent measures: 
a) the establishment and improvement of watering points; 
b) a disease control input; 
c)  reforestation. 
Bioclimatic Classification of the Sahelian and Sudanian zones 
The Sahelian and Sudanian zones cover a belt which is 1000 to 1200 km wide and 6000 km 
long. It lies south of the Sahara, crossing the African continent from the Atlantic Ocean to the 
Nile Valley. Rainfall ranges from 100 mm on the verge of the Sahara to more than 1200 mm on 
the border of the Guinean zone. Isohyets run in an E. W. direction nearly parallel to the equator, 
with a mean inclination of 1.8° (4%) towards the south east, so that each isohyet is 2.0° or 220 
km further south on the Nile Valley side than on the Atlantic coast (the 100 and 1200 mm 
isohyets are on the latitudes 10-18 °N in the west and 8-16°N in the east respectively). 
Most ecologists and bioclimatologists have now agreed, on the whole (with a few minor 
qualifications), to the following classification (Koeppen,1931; Chevallier, 1933; Trochain, 1940, 
1952,1969; Aubreville, 1949; Keay, 1959; Rodier, 1964; Boudet, 1970; Le Houérou, 1976, 1977; 
Le Houérou et al, 1980): the zone as a whole is characterized by a tropical climate with a 
monomodal rainfall regime and one dry season, contrasting with the Guinean and Congolese 
zones further south, which are characterized by an equatorial climate with a bimodal rainfall 
regime and two dry seasons, or no dry season at all. 
It is worth noting that there is a semi-arid and subhumid equatorial enclave in the Gulf of Guinea 
in the coastal and subcoastal zones of Ghana and Togo, with rainfall of 500-800 mm (Accra, 
Lomn) and a 4–6 month dry season. This anomaly is caused by cold sea currents and 
"Upswelling" phenomena on this part of the coast in the Gulf of Guinea. As regards browse, this 
atypical zone is characterized by the following species (R. Rose-Innes et Mabey, 1964): Antiaris 
africana (Moraceae), Baphia nitida (Fabaceae), Capparis 
erythrocarpos (Capparidaceae), Capparis thonningii(Capparidaceae), Dichapetalum 
guineense (Chailletiaceae), Fragara xanthoryloides (Rutaceae), Grewia 
carpinifolia (Tiliaceae), Griffonia simpliciflora (Casalpiniaceae), Milletia 
thoningii (Fabaceae),Ritchie reflexy (Capparidaceae), Tiliacora warneckii (Menispermaceae). 
to which can be added the following grasses: 
Andropogon canaliculatus, Botriochloa intennedia, Brachiaria falcifera, Ctenium newtroni, 
Heteropogon contortus, Schizachyrium schweinfurthii, Schizachyrium semiberbe, Setaria 
sphacelata, Sporobolus pyramidalis, Vetiveria fulvibarbis. 
3. The main plant formations 
3.1 Vegetation in the southern and central Sahara 
(R < 100 mm) is characterized by perennial bunched vegetation located along watercourses. A 
number of trees/shrubs used to varying degrees for browse are found along wadis, in lower 
areas and on cliffs: Acacia raddiana, Acacia ehrenbergiana, Capparis decidua, Pergularia 
tomentosa, Cornulaca monacantha, Nucularia perrini, Artemisia tilhoana, Salvadora persica, 
Ziziphus saharae, Solenostemma argel, Moringa peregrina, Maerua crassifolia, Balanites 
aegyptiaca, Ochradenus baccatus, Aerva persica, Traganum nudatum, Olea lapperini, Ficus 
salicifolia, Grewia tehax, Tamarixsp. pl., Calotropis procera, Leptadenia pyrotechnica. 
Among these browse plants a few perennial grasses may be found: 
Panicum turgidum, Stipagrostis pungens, Lasiurus hirsutus, Pennisetum dichotomum, as well 
as many annual ones after the rains which form the "aacheb", known also as "ghizou" in 
northwestern Sudan. 
3.2 The steppes of the Saharo-Sahelian zone 
Are very similar to the vegetation found in the Saharian wadis. However, the vegetation of the 
steppes is evenly spread unlike the latter. The main browse species are: 
Acacia tortilis subsp. raddiana, Acacia ehrenbergiana, Grewia tenax, Salvadora persica, 
Leptadenia pyrotechnica, Maerua crassifolia, Cordia sinensis, Boscia senegalensis, Capparis 
decidua, Balanites aegyptiaca, Hyphaene thebaica. 
Perennial grasses are important: 
Panicum turgidum, Cympopogon proximus, Aristida pallida, Lasiurus hirsutus, Aristida papposa, 
Aristida longiflora, as well as a desertic psammophileous Cyperaceae: Cyperus conglomeratus. 
Here and there, on shallow soils, traces remain of stands of Chrysopogon sucheri and Cenchrus 
ciliaris (Adrar, Air, Dj. Mara). 
3.3 Mimosoideae and annual grass-scrub of the Sahelian zone 
(in the strict sense) (200 < R < 400) is a very open formation where trees and shrubs 
predominate: 
Acacia tortilis subsp. raddiana, Acaia ehrenbergiana, Acacia laeta, Acacia senegal, Balanites 
aegyptiaca, Ziziphus mauritiana, Acacia nubica (Sudan), Acacia mellifera (Sudan). 
Lower areas subject to flooding and areas around ponds have been invaded by species of a 
more Sudanian type: 
Feretia apodanthera, Acacia ataxacantha, Lannea acida, Dalbergia melanoxylon, Amogeissus 
leiocarpus, Mitragyna inermis, Terminalia avicennoides, Hyphaene thebaica, Maytenus 
senegalensis. 
Grass cover is dominated by annual grasses, among which the main species are: 
Aristida mutabilis, Aristida funiculata, Aristida adscensionis, Dactyloctenium aegyptium, 
Shoenefeldia gracilis, Eragrostis tremula, Cenchrus biflorus, Cenchrus prieurii. 
3.4. The Combretaceae savanna in the Sudano Sahelian zone  (400 < 600) 
is characterized by the predominance of deciduous mesophyllic shrubs of the Combretaceae 
family: 
C. glutinosum, C. nigricans, C. ghazalense, Terminalia avicennoides, C. molle, C. micranthum, 
C. aculeatum, Guiera senegalensis, Anogeissus leiocarpus. 
to which Sahelian elements are added such as: 
Cadaba farinosa, Cadaba glutinosa, Grewia bicolor, Commiphora africana, Balanites 
aegyptiaca, Acacia senegal, Acacia laeta, Piliostigma reticulata, Bauhinia rufescens, 
together with Sudanian infiltrators such as: 
Acacia seyal, Acacia sieberiana, Sterculia setigera, Borassus aethiopum, Sclerocarya birrea, 
Bomba costatum, Pterocarpus lucens. 
Table 3.Climatic distribution of browse species in the Sahelian and Sudanian zones 
Species Ecologic/bioclimatic zones 
  Saharo 
Sindian 
Saharo 
Sahelian 
Sahelian 
s.s. 
Sudano 
Sahelian 
North 
Sudanian 
South 
Sudanian 
North 
Guinean 
Balanites 
aegyptiaca 
(+) + + + + – – 
Calotropis 
procera 
+ + + + + + (+) 
Hyphaene 
thebaica 
(+) + + + + – – 
Maerua 
crassifolia 
(+) + + – – – – 
Acacia tortilis + + + – – – – 
Euphorbia 
balsamifera 
(+) + + (+) – – – 
Euphorbia 
ehrenbergiana 
(+) + + – – – – 
Euphorbia laeta – + + + – – – 
Euphorbia 
Senegal 
– + + + – – – 
Salvadora 
persica 
+ + (+) – – – – 
Capparis 
decidua 
+ + (+) – – – – 
Leptadenia 
pyrotechnica 
+ + (+) – – – – 
Ochradenus 
baccatus 
+ + (+) – – – – 
Grewia tenax + + + (+)   – – 
Combretum 
aculeatum 
– + + + + – – 
Commiphora 
africana 
– + + + (+) – – 
Cadaba 
farinosa 
– (+) + + – – – 
Cadaba 
glandulosa 
– (+) + (+) – – – 
Boscia 
senegalensis 
– + + (+) – – – 
Boscia 
salicifoia 
– – (+) + + – – 
Maerua 
angustifolia 
– – (+) + + – – 
Maerua 
angolensis 
– – (+) (+) (+) – – 
Maerua 
oblongifolia 
– – – + + – – 
Crataera 
adansoni 
– – + + + – – 
Capparis 
corymbosa 
– – – + + (+) – 
Capparis – – – + + (+) – 
tomentosa 
Combretum 
glutinosum 
– – (+) + + (+) – 
Combretum 
micranthum 
– – – + + – – 
Combretum 
racemosum 
– – – – + + + 
Combretum 
nigricans 
– – – + + – – 
Combretum 
geitonophyllum 
– – – (+) + + – 
Combretum 
molle 
– – – + + – – 
Combretum 
ghazalense 
– – – + + (+) – 
Guiera 
senegalensis 
– – (+) + + (+) – 
Dobera glabra – (+) + + – – – 
Cordia sinensis (+) + + (+) – – – 
Ziziphus 
mauritiana 
– + + + (+) – – 
Ziziphus 
mucronata 
– (+) + + (+) – – 
Feretia 
apodanthera 
– (+) (+) + + – – 
Faidherbia 
albida 
– (+) (+) + + (+) – 
Acacia nilotica – (+) (+) (+) (+) (+) – 
Mitragg 
nianermis 
– – (+) + + + – 
Anogeissus 
leiocarpus 
– – (+) (+) + + + 
Celtis 
integrifolia 
– – (+) (+) + + + 
Maytenus 
senegalensis 
– – + + + (+)   
Stereospennum 
kuiithianum 
– – – + + (+) – 
Diospyros 
mespiliformis 
– – (+) (+) + + (+) 
Adansonia 
digitata 
– – (+) + + (+) – 
Bombax 
costatum 
– – – (+) + + (+) 
Hymenocardia 
acida 
– – (+) + + + (+) 
Khaya 
senegalensis 
– – – (+) + + (+) 
Parkia 
biglobosa 
– – – (+) + + (+) 
Butyrospermum 
paradoxum 
– – – (+) + + (+) 
Ceiba 
pentandra 
– – – – (+) + + 
Sclerocarya 
birrea 
– – (+) + + (+) – 
Sterculia 
setigera 
– – – (+) + (+) – 
Xeroderris 
stuhlmanni 
      (+) + + – 
Pterocarpus 
lucens 
– – (+) + (+) – – 
Pterocarpus 
erinaceus 
– – – – + + (+) 
Pterocarpus 
santilanoides 
– – – – (+) + (+) 
Bauhinia 
rufescens 
– – (+) + + (+) – 
Leptadenia 
hastata 
– – (+) + + (+) – 
Lannea acida – – (+) + + + – 
Terminalia 
avicennoides 
– – (+) + + + (+) 
Piliostigma 
reticulata 
– – (+) + + (+) – 
Piliostigma 
thonningii 
– – – (+) + + (+) 
Cassia 
sieberiana 
– – – (+) + + (+) 
Afzelia africana – – – (+) + + + 
Daniellia oliveri – – – – + + + 
Lonchocarpus 
laxiclorus 
– – – – (+) + + 
Isoberlinia doka – – – – + + + 
Acacia seyal – – (+) + + (+) – 
Entada africana – – – (+) + + + 
Ozoroa insignis – – – (+) + + + 
Albizzia amara – – – (+) + +   
Albizzia 
chevallieri 
– – – (+) + + + 
Albizzia zugia – – – (+) + + + 
Dichrostachys 
cinerea 
– (+) (+) + + + – 
Acacia 
ataxacantha 
– – + + + + (+) 
Acacia 
macrostachya 
– – – (+) + + (+) 
Acacia 
sieberiana 
– – – (+) + + (+) 
Acacia mellifera – (+) + + (+) – – 
Acacia nubica – (+) + + (+) – – 
Prosopis 
africana 
– – – (+) + + + 
Dalbergia 
melanoxylon 
– – (+) + + + (+) 
Grewia bicolor – (+) + + + (+) – 
Grewia 
flavescens 
– – (+) + + (+) – 
Grewia mollis – – (+) + + (+)   
Grewia villosa – – (+) + + (+)   
Ximenia 
americana 
– – – (+) + + + 
Crossopterix 
febrlfuga 
– – – (+) + + + 
Albizzia lebbeka – – – (+) + + + 
Dalbergia 
sissooa 
– – – (+) + + + 
Mangifera 
indicaa 
– – – – (+) + + 
Ficus 
gnaphalocarpa 
– – – – (+) + + 
Tamarindus 
indica 
– – – (+) + + (+) 
Leucaena 
leucocephalaa 
– – – – (+) + + 
Oxytenthera 
abyssinica 
– – – – (+) + + 
Lonchocarpus 
laxiflorus 
– – – – (+) + + 
Cussonia kirkii – – – – (+) + + 
Gardenia 
erubescens 
– – – – (+) + + 
Gardenia 
ternifolia 
– – – – (+) + + 
Strychnos 
spinosa 
– – – (+) + + + 
Acacia 
dudgeoni 
– – – – (+) + + 
Gmelina 
arboreaa 
– – – – (+) + + 
Azadiratcha 
indicaa 
– – (+) (+) + + (+) 
Cussonia 
barteri 
– – – – (+) + + 
Phyllanthus 
muellerianus 
– – – – – + + 
Parinari 
curatellifolia 
– – – – – + + 
Parinari 
macrophylla 
– – – (+) + + + 
Bridelia 
ferruginea 
– – – – – + + 
Moringa 
oleifera 
– –     (+) + + 
Canthium 
venosum 
– – – – – + + 
Carfssa edulis – – – – + + (+) 
Vitex doniana – – – – – + + 
Vitex madiensis – – – – – + + 
Lophita 
lanceolata 
– – – – – (+) + 
Trema 
guineensis 
– – – – – (+) + 
Ficus capensis – – – – – + + 
Ficus glumosa – – – – – + + 
Ficus thonningii – – – – – + + 
Ficus 
asperifolia 
– – – – – – (+) 
Newbouldia 
laevis 
– – – – – – (+) 
Aspilia latifolia – – – – – – (+) 
Spondias 
mombina 
– – – – – –   
Cyclodiscus 
gabunensis 
– – – – – – (+) 
Periscopis 
laxiflora 
– – – – – + + 
Harungana 
madascariensis 
– – – – – – + 
Tectona 
grandisa 
– – – – – (+) + 
Pithecellobium 
samana 
– – – – (+) + + 
Cola cordifolia – – – – – (+) + 
Cordyla pinnata – – – – (+) + + 
aIntroduced species: 
+ Species common in the zone under review 
(+) Species rare or located only in particular spots (humid low areas with shallow soils and very 
dry environments) 
The grass cover consists primarily of annual grasses: 
Aristida mutabilis, Cenchrus biflorus, Andropogon pseudapricus, Ctenium elegans, Elionurus 
elegans, Schoenefeldia gracilis, Diheteropogon hagerupii, Loudetia togoensis, Pennisetum 
pedicellatum, Schizachyrium exile. 
Lower and damper areas support a few perennial grasses: 
Andropogon gayanus, Panicum anabaptistum, Cymbopogon giganteus, Vetiveria nigritana, 
Eragrostis barteri, Vetiveria fulvibarbis. 
3.5. The northern Sudanian savanna (600 < R < 800) 
is characterized by a relatively high tree and shrub cover averaging 2–0 to 50% and the 
predominance of mesophyllic browse species: 
Khaya senegalensis, Bombax costatum, Borassus aethiopum, Pterocarpus erinaceus, Burkea 
africana, Bridelia ferruginea, Butyrospermum paradoxa, Parkia biglobosa, Piliostigma thonningii, 
Tenninalia avicennoides, Detarium microcarpum. 
Perennial grasses provide substantial cover: 
Andropogon gayanus, Andropogon ascinodis, Andropogon tectorum, Hyperthelia dissoluta, 
Hyparrhenia smithiana. 
as well as the same annual grasses as found in the Sahelo-Sudanian zone: 
Diheteropogon hagerupii, Loudetia togoensis, Pennisetum pedicellatum, Andropogon 
pseudapricus, Ctenium elegans. 
3.6. The southern Sudanian savanna (800 < R < 1200) 
is characterized by a more substantial tree cover and the infiltration of species related to the 
Guinean zone. Among the typical tree and shrub species, the following can be mentioned: 
Tertninalia laxfliora, Terminalia macroptera, Lannea acida, Burkea africana, Bridelia ferruginea, 
Crossopteryx febrifuga, Anogeissus leiocarpus, Pericopsi laxiflora, Gardenia erubescens, 
Uapaca togoensis, Daniellia oliveri, Isoberlinia doka. 
and among perennial grasses: 
Andropogon gayanus, Andropogon tectorum, Andropogon ascinodis, Hyparthelia dissoluta, 
Dihetoropogon amplectens, Loudetia simplex 
4. Browse species 
4.1 General 
For many reasons it is often difficult to determine a browse species. These reasons may relate 
to the phenological stage of the plant, season, to the feeding habits and physiological condition 
of the animals, to herd composition or the composition of available pasture, to grazing pressure, 
or to whether the browse species concerned is abundant or rare, etc. As a result different or 
contradictory indications can be found between the various authors, as well as sometimes 
between different publications by the same author. 
At a first step, woody species can be classified in three broad categories: 
a) species always browsed by most herbivorous livestock; 
b) species never consumed; 
c) species consumed to a greater or lesser degree according to circumstances. 
The species in the first two classes are the fewest (about 50 in each group); those in the third 
group are by far the most numerous, and in the Sahelian and Sudanian zones a hundred or so 
common species can be counted. 
It should be noted that the nutritive value is totally independent of palatability and quantities 
consumed, a situation which makes an accurate estimation of the real browse value of a plant 
difficult, since the quantities consumed are usually not known for the area under review. Some 
species, such as Boscia senegalensis are extremely rich in nitrogenous elements, though little 
consumed. Others such as Combretum aculeatum, Grewia tenax, Stereospermum 
kunthianum or Oxytenanthera abyssinica are highly palatable, especially in their early stages, 
despite a lower or even very poor nutritive value. Some species with a good nutritive value as 
regards their chemical composition are totally neglected, such as Calotropis procera. 
In the following list, browses have been classed in two categories: main and secondary species. 
The main species are considered by most authors either as good browse, palatable to most 
animals, widely distributed geographically and common through most of their distribution area, 
or else as introduced or native species of real interest for planting as forage reserves. 
The secondary species are either occasionally consumed by livestock, or restricted to a small 
area, or quite rare, thus contributing only marginally to livestock feeds. 
4.1 Main species 
Burseraceae 
Commiphora africana is a typical Sahelian species that can be found in the arid zones of 
eastern and southern Africa and even in India. It is browsed a great deal for a few weeks at the 
end of the dry season and at the onset of the rains, on account of its early foliation. But its 
leaves fall off as soon as the rains are over. Its nutritive value ranges from average to good 
(814%) crude protein; 0.15 to 0.81% phosphorus, with a slightly high Ca/P ratio: 5 to 6). For 
more information about Commiphora africana, see Poupon (1977) and Clanet and Gillet (1980). 
Capparidaceae 
The Capparidaceae family contains the best browse in tropical Africa owing to its high protein 
and silica-free mineral content. Many of these species are highly palatable to most 
domesticated and wild herbivorous animals. Among the best species, the following Sahelian 
ones should be mentioned: 
Maerua crassifolia, Maerua angustifolia, Crataeva adansoni (C. religiosa), Boscia salicifolia, 
Cadaba farinosa, Cabada glutinosa, Cadaba rotundifolia, Capparis decidua. 
and the Sudanian species: 
Maerua oblongifolia, Maerua angolensis, Ritcheia reflexa, Capparis corymbosa, Capparis 
tomentosa, Capparis erythrocarpos. 
The main composition are as follows (Le Houérou, 1979): 
Crude protein 21% (9–34) 
Mineral protein 21% (8–28) 
P. 0,11% (0,04–0.17) 
Digestible protein/FU 180 (93–281) 
Net energy 5.6 MJ (4.0–6.9) 
The same characters can be found in slightly different species in the arid and semi-arid zone of 
East Africa (Le Houérou et Corrà, 1980): 
Boscia minimifolia, Boscia albitrunca, Boscia coriacea, Maerua parvifolia, Maerua triphylla, 
Cadaba farinosa. 
Pastoral research and experimentation in the Sahelian and Sudanian zones should give priority 
to the domestication and multiplication of these species. The state of knowledge on these plants 
is very poor as regards their biology, growth, productivity and utilization potential. Some of the 
least palatable such as Boscia senegalensis, have a very high protein content (30%), the 
equivalent of many local concentrates. Others, such as Cadaba farinosa, contain as much as 
30% non siliceous minerals, thereby providing an effective "salt cure". They may be an 
important source of trace-elements in animal feeding but this factor has not been investigated. 
Combretaceae 
Among the many representatives of this family, only C. aculeatum should be classified as a 
main species due to its palatability, its large distribution area and its abundance. This somewhat 
tendrilous undershrub has been tested for multiplication in plantations. The trials have been 
promising in the Sudano-Sahelian zone: the germination ratio is quite high and the cutting 
capacity is good. The nutritive value is also good (Le Houérou, 1979): 
Crude protein 16% (7–30) 
Minerals 10% (7–12) 
P 0.23 (0.10–0.50) 
Digestible protein/FU 137 (45–298) 
Net energy 5.6 MJ (4.6–6.3) 
Combretum aculeatum regenerates vigorously when protected from overbrowsing. Its rather 
high germination rate (60–80%) and easy multiplication from root stock make this species a 
favourable future prospect for planting as browse hedges in the Sahelian and northern 
Sudanian agricultural zones. 
Leguminoseae 
Cesalpinioideae 
Afzelia africana is a Sudanian species found in wooded savanna, frequent on gravel soils. 
Foliation occurs at the beginning of the second half of the dry season, in February 
(Toutain,1980). Young leaves are palatable to cattle and offer a good forage value (Le Houérou, 
1979): 
Crude protein 14% DM (12–18) 
Net energy 4.5 MJ (3–6) 
Digestible protein/FU 160 (100–195) 
P 0.16 
Branches are pruned by shepherds to make them available to animals. This species is able to 
produce tall trees with timber which is valued by foresters. 
Griffonia simpliciflora is a shrub 1-4 m high, found in the derived savanna and fallows in the 
subhumid Guinean zone, with a rainfall range of 600-1000 mm and an annual dry season of 5-6 
months, and common in the coastal and subcoastal plains of Ghana and Togo. It is often 
associated with Macroterme termitaria (Rose-Innes, 1964). This species is largely used by the 
local trypanotolerant humpless dwarf cattle (West African Shorthorns) under the traditional 
production system, especially on the Accra plain (Rose-Innes, ibid). 
The utilization of this species by local cattle has been the object of detailed studies over several 
years (Rose-Innes and Mabey,1964–1966). It can be concluded that Grdffonia simplicifolia is an 
excellent browse species which compares favourably with the best classical fodders: 
Crude protein 18% DM 
Net energy 5.7 MJ kg DM 
Dig. value DM 69%a 
DM intake 2.43 per 100 kg liveweight 
Crude protein D value = 81%a 
Mabey and Rose-Innes, 1964. 
Daniella olivieri is a tree species of the Guineo-Sudanian savanna. Its shoots are frequently 
found on fallow land. The young leaves and twigs are very palatable and represent an excellent 
browse (Toutain, 1980; Le Houérou, 1979): 
Crude protein 15% DM (8–23) 
Net energy 5.4 MJ (3.4–7.0) 
Digestible protein/FU 120 (65–190) 
P 0.25 (0.16–0.42) 
Bauhinia rufescens is a Sudano-Sahelian shrub or undershrub, reaching deep into the north 
Sudanian zone. It can be found on widely differing types of soil. Leaves are consumed by small 
ruminants and to a smaller extent by cattle. The fruit is consumed by all herbivorous animals 
especially, while green: Seeds have an average germination rate (30-50%) after hot water 
treatment). 
Bauhinia rufescens is extremely resistant to browsing, produces large amounts of seeds for a 
long period during the dry season and regenerates vigorously when protected from browsing. It 
appears to be a real asset in terms of artificial regeneration, for establishing hedges between 
fields and on Sahelian and Sudanese fallows, together with Combretum aculeatum and Ziziphus 
mauritania. It has a good nutritive value (Le Houérou, 1979): 
Crude protein 13.5% DM (11–17) 
Net energy 5.4 (3.2–7.1) 
Digestible protein/FU 0.19 (0.15–0.27) 
Digestibility DM (leaves) 51.0% (Dicko-Touré, 1979) 
Tamarindus indica is a Sudanian tree which spreads into Sahelo-Soudanian zone, where it is 
sometimes planted on account of its dense shade (a palaver-tree) and the quality of its fruit. The 
latter is made into a pleasant, laxative and refreshing drink. Leaves are moderately palatable 
when fresh, but only to small ruminants. The fruit is palatable to all animals and to man. Leaves 
and fruit have an average nutritive value: 
Crude protein 11% DM (5–25) 
Net energy 6.9e MJ (6.6–7.4) 
Digestible protein/FU 81 (23–204) 
P 0.07 (0.04–0.10) 
Fabacoideae (or Papilionoideae) 
Baphia nitida is a 1–4 m high shrub of the Guinean subhumid zone in Ghana, with mean annual 
rainfall of 600-900 mm and a 5-6 month annual dry season (Rose-Innes and Mabey, 1964). It 
grows preferably in damp low-lying areas and where termiteries are plentiful. Its frequency 
increases in secondary forests as rainfall rises. The forage value of this species is very good 
(Rose-Innes and Mabey, 1964): 
Crude protein 21% 
D value 54% DM 
Net energy 5.7 MJ kg DM 
P 0.13% DM 
Digestibility DM 53.8% 
A related species, B. bequaertii, represents one of the best and commonest browse species of 
miombo in Zambia (Lawton, 1968, 1980), with 22% crude protein and 0.3% P. 
Milletia thonningii is a 10 m high tree found in the Guinean subhumid zones, on coastal and 
subcoastal plains in Ghana where rainfall reaches 600-1000 mm and there is a 5–6 month 
annual dry season. It can be found in association with Macroterrnes termitaria in secondary 
open formations, where it grows in clumps (Rose-Innes and Mabey, 1964). 
Nutritive value: 
Crude protein 19% DM 
Net energy 4.9 MJ kg DM 
Digestible protein/FU 201 
P 0.10 
Pterocarpus lucens, P. erinaceus, P. santaloides. The first of these species is Sahelian, the 
second one Soudanian and the third Guineo-Sudanian. These three represent an excellent 
fodder often sold at market during the dry season for feeding or fattening sheep, dairy cattle and 
prestige animals (horses). 
Fallen leaves are palatable to cattle and other domesticated herbivorous animals. Trees are 
often pruned and lopped. Unfortunately the leaves fall quite early in the first half of the dry 
season. But pruning can make the foliage phenophase much longer (Cissé, in Hiernaux et al, 
1979). The nutritive value is virtually the same for the three species: 
Crude protein 15% DM (10–12) 
Net energy 5.2 MJ (2.9–7.2) 
Digestible protein/FU 135 (70–240) 
P 0.15 (0.08.0.27) 
Unfortunately P. lucens regenerates very poorly in the Sahelian zone, seed germinability 
averaging zero despite the various treatments applied. 
Lonchocarpus laxiflorus is a small tree of the Sudanian savanna, the leaves of which are very 
palatable to animals; the fodder values are similar to those of Pterocarpus, but very few 
analyses are available: 
Crude protein 18% DM 
Net energy 4.8 MJ 
Digestible protein/FU 191 
P 0.13 
Mimosoideae 
Acacia tortilis subsp. raddiana, Acacia tortilis subsp. tortilis. The second sub-species does not 
exist in the western Sahel, but only in Sudan and East Africa. 
The species as a whole is common in the arid and desert tropical and sub-tropical zones. In the 
Sahel its southern border is around the isohyets of 300 to 400 mm; it is essentially a Saharo-
Sahelian species; it relays towards the North Faidherbia albida whose pastoral role can 
compare with it. Multiplication is quite easy and has allowed important plantations in Senegal, 
Sudan, Israel, North Africa, and India with rainfall of 150 to 300 mm. At Birkaner (Rajasthan) as 
in Mbidi in Senegal, with rainfall of 200-300 mm, A. tortilis is a very fast growing species 
compared with other arid-zone species. Leaf and pod nutritive value is excellent: 
Crude protein 16% DM (13–19) 
Net energy 6.1 MJ (3.6–7.6) 
Digestible protein/FU 132 (69–173) 
P 0.20 (0.12–0.26) 
Acacia seyal is a Sahelo-Sudanian species found between the 400 and 800 mm isohyets; its 
optimum ecological conditions are alluvial soils of a medium to fine texture between the 500 and 
700 mm isohyets. Foliage and pods are palatable to livestock and made available to them 
through pruning, lopping and pollarding. It is often abundant along tracks and roads 
(dromophileous species), probably due to the large amounts of seeds deposited in faeces along 
transhumance routes. Leaves and pods have an excellent fodder value: 
Crude protein 18.5% DM (11–29) 
Net energy 6.5 MJ (3.9–7.6) 
Digestible protein/FU 153 (67–237) 
P 0.27 (0.14–0.34) 
This species will be the object of a detailed review further on, in the chapter on browse 
management. 
Acacia senegal is a typical Sahelian shrub with optimum ecological conditions occurring on 
sandy soils and with a mean annual rainfall of 300–500 mm. However it may occur on clayey 
low-lying areas with vertisols, particularly in the Sudan. Being of economic interest, A. 
senegal has frequently been studied fairly thoroughly, by Giffard, Depierre, Michou, Ross, 
Gerakis and Tsangatakis, Seif el Din, Obeid, Poupon. Planting in Sahel environments1 does not 
present very difficult technical problems and seems economical where mixed gum and browse 
utilization is planned (Valenza and Diallo, 1980). Leaves and pods have a fodder value similar 
to other Acacia browses: 
Crude protein 22% DM (13–29) 
Net energy 5.8 MJ (4.8–7.6) 
Digestible protein/FU 206 (87–305) 
P 0.20 (0.10–0.30) 
1Plantation costs with a density of 600 plants/ha in Mbidi (Senegal) -350 mm - were US $300/ha 
(60.000 CFAF), for an expected gum harvest of US $30/ha/year for the producer. 
Faidherbia albida (= Acacia albida) 
This species, the classification of which has not been undertaken until recent years (Vassal, 
1967), has a number of morphological, ontological and cytological characters which clearly 
distinguish it from the Acacia and more logically relate it to a monospecific genus of 
the Ingeae family (Albizzia Enterolobium, Pithecellobium), linking it to the Acaciae family, as A. 
Chevalier had forecast as early as 1934. It is an essentially Sudanian species, with optimum 
ecological conditions occurring on deep sandy soils between the 600 and 800 mm isohyets. To 
the north it extends as far as the Sahara along watercourses. In the Sahelian zone, like the Dum 
palm-tree (Hyphaene thebaica), it is a phreatophyte with special characteristics. Its ecology is 
similar in western and southern Africa. It grows as high as 1800-2000 m in the Ethiopian Rift 
Valley, where it is abundant, in the Blue Nile Valley and also in northern Somalia, and is even 
found at 2300 m locally on Jebel Mara in Sudan (Wickens, 1969). Botanists have put forward a 
host of conjectures and theories (Aubreville, Lebrun, Trochain, Ross, Brenan, Wickens, Vassal, 
Porteres etc.) to explain the abnormal physiology of this curious species, which loses its foliage 
during the rainy season and keeps it throughout the dry season (though this appears less 
clearly under equatorial climates with a bimodal rainfall) unlike most, although not all, other 
deciduous species. 
The agro-pastoral systems developed by several African peasant societies based on apple-ring 
exploitation and millet and sorghum crops, seem to have arisen independently: for example, the 
Galla and Arussi farmers in the Ethiopian Rift Valley, have developed a park-like landscape 
similar to that of the Sereres in Senegal. The agro-pastoral system and its advantages in terms 
of preserving soil fertility have been the object of very detailed research studies in the fields of 
agrology, pedalogy, microbiology and bioclimatology (Charreau and Vidal, 1965; Charreau and 
Nicou, 1971; Giffard, 1964, 1972; Jung, 1970; Schoch, 1971; Dancette et Poulain, 1969; 
Radwanski and Wickens, 1967; Wickens, 1969). 
From a pastoral point of view, Faidherbia albida makes excellent browse, as many authors have 
indicated (Curasson, 1953; Boudet, 1962; 1969; Bartha, 1970; Peyre de Fabregues, 1963, 
1967, 1969, etc.). The fruit is marketed in Sahelian and Sudanian countries, for feeding and 
fattening sheep and prestige animals, and for family milk production. One kilo of dry pods was 
sold for 25 MF (=12.5 CFAF= 0.07 US $) on Malian markets in 1978 (Mopti, Segou). The 
nutritive value is as follows: 
  Leaves Pods 
Crude protein 15–20% 10 –15% DM 
Net energy 6– 8 MJ    5–7 MJ 
Digestible protein/FU 100–180 20–80 
P 0.20–0.30 0.10–0.20 
Digestibility of DM (Dicko-
Touré, 1979) 
53.03 50.46 
Pod production on unpruned adult trees ranges from 50 to 150 kg DM/tree/year. In fact, since 
trees are nearly always pruned periodically, pod production is much lower, 10-20 kg/ tree/year, 
with a similar amount for leaves. 
Leucaena leucocephala, a tropical Mimosoideae from Central America, is still seldom utilized in 
West Africa though it offers very promising possibilities for the Sudanian and Guinean zones, 
due to its exceptionally good forage quality (equal to or higher than alfalfa and its high 
productivity in areas with all the necessary ecological requirement (R > 800 mm; rainy season > 
5 months; minimum temperature of coldest month > 12°C; altitude < 1600 m). 
Intensive forage plantations have been introduced for meal production from Leucaena leaves 
whose dietetic traits are very similar to those of alfalfa-leaf meal though slightly higher. 
Plantations of this kind have been established in Malawi (see the contributions of Beale and 
Savory to this symposium). They are being introduced in many African countries. The utilization 
of Leucaena as forage offers excellent prospects in the African humid tropics, in particular in the 
southern Sudanian and Guineo-Congolese zones, as stated by Audru (1980). 
The question of toxicity for ruminants owing to the mimosine content is a fictional problem since 
varieties with a low mimosine content are used (Cunningham) and since if Leucaena forage is 
utilized in a rational basis, i.e. as a protein supplement, toxicity risks are almost nil for varieties 
with a low mimosine content, such as cultivars Salvador and Peru, or 
where Leucaena represents less than 30% of the daily intake (in DM), more than enough to 
ensure a well-balanced diet with roughage such as crop by-products or rangeland straw. 
The nutritive value of leaves and meal is as follows: 
Crude protein 25% DM (12–31) 
Net energy 7.2 MJ (6.8 –7.7) 
Digestible protein/FU 184 (150–275) 
a carotene 0.053°/a (536 mg/kg DM) 
Lysine 50 mg/g/C. Protein 
Apparent digestibility of O.M. 60% (50–70) 
Prosopis juliflora (P. dulcis) 
This species is often confused with three others, P. chilensis, P. 
glandulosa and P. velutina, since the classification and taxonomy of this group were a complete 
muddle until Burkart recently revised them (1976). The four species (sometimes considered as 
subspecies or varieties) include spiny and spineless forms. P. glandulosa from Mexico 
and P. velutina from the southern USA are considered dangerous weeds which invade 
pastures, and the literature on the various means of keeping them under control are plentiful, 
since it once invaded over 30 millions/ha of rangeland from Texas to Southern California, 
costing several hundred million dollars to eradicate. 
It appears that most of the plantations established in West Africa and Sudan actually consist 
of P. juliflora, a Central American and Caribbean native species. It adapts quite well to the 
Sudanian zone but needs either a shallow water table or a coastal or subcoastal climate (Cap-
Verdian climate) or both, before it will thrive in a Sahelian zone. Such is the case, for example, 
in the lower Senegal Valley, the Cap Verde peninsula, the area around Nouakchott, or the Cap 
Verde Islands, where it thrives with rainfall reaching 150-200 mm. Hence there is unfortunately 
no chance that this species will grow as a weed in the Sahelian zone as it does in other arid 
zones (some areas in Rajasthan (Jodhpur), where rainfall reaches 300–500 mm). 
Leaves are moderately palatable to animals, but goats and camels are rather fond of them. 
Pods have a good forage value, especially as regards energy, and are consumed by all animals 
and occasionally by man, on account of their high sugar content. 
The nutritive value is as follows: 
  Leaves Fruit 
Crude protein 19% DM (13–23) 12% DM (9–14) 
Net energy 5.8 MJ (3.5–6.4) 6.0 MJ (5.2–7.1) 
P 0.16 (0.13–0.21) 0.16 (0.13–0.20) 
Meliaceae 
Khaya senegalensis is a beautiful tree common throughout the Sudanian zone of which it is 
typical. It has often been planted as an ornamental or avenue tree. It produces excellent 
industrial timber (Senegalese mahogany). In many Sudanian zones, branches are pruned or 
pollarded to be fed to livestock in the dry season: Mali, Upper-Volta, Ivory Coast and Nigeria, 
among others. Leaf-bearing twigs are sold in towns for feeding to fattening sheep and dairy 
cattle for example in Bamako. 
The nutritive value of young leaves is good: 
Crude protein 15% DM 
Net energy 6.2 MJ kg DM 
Digestible protein/FU 125 
P 0.16 
Moraceae 
Ficus gnaphalocarpa. Some fig trees in the Sudanian and Guinean zones are consumed by 
livestock (leaves and fruit). The main species is G. gnaphalocarpa. It is mentioned by many 
authors, and was experimentally studied by Rose-Innes in Ghana. The nutritive value (leaves) is 
as follows: 
Crude protein 9.0% DM 
Net energy 7.3 MJ kg DM 
P 0.14 
Digestible protein/FU 45 
Another Guinean Moraceae (Antiaris africana) has a similar forage value (Rose-Innes, 1966) 
with a dry matter digestibility ratio of 64% and 77% for crude protein and a daily intake of 2.27 
kg DM per 100 kg liveweight for dwarf shorthorn breeds of West Africa (Mabey and Rose-Innes, 
1966). 
Rhamnaceae 
Ziziphus mauritania is a typically Sahelian tree 10–15 m in height. In the natural state it has a 
large dense foliage crown, although it will rarely be seen in this form except in protected areas. 
Usually it is a multistemmed tree 1–3 m high on high undershrub, growing in somewhat intricate 
bushes owing to its over-utilization. Stumps put out thriving shoots and it successfully 
withstands the repeated crippling attacks made by shepherds and goats. 
Leaves and fruit are consumed by camels and small ruminants, and to a lesser extent by cattle 
and monogastric animals. The fruit is consumed by camels, small ruminants and occasionally 
by man. The nutritive value (leaves) is as follows: 
Crude protein 15.5% D (11.1–26.4) 
Net energy 6.6 MJ (5.5–7.3) 
Digestible protein/FU 109 (67–221) 
P 0.16 (0.13–0.21) 
Digestibility of DM (leaves) 51.24% (Dicko-Touré, 1979) 
Rubiaceae 
Feretia apodanthera (= F. canthioides) 
This bush-like shrub of Sahaelian and Sudanian zones is located in the Sahel, in low-lying areas 
where the soil is temporarily waterlogged during the rainy season, on pond fringes, etc. Its 
foliage and young twigs are palatable to livestock. The nutritive value is as follows: 
Crude protein 11% DM (7-14) 
Net energy 6.5 M 5 kg DM (4.6-7.8) Digestible protein/FU 87 (41-137) 
P 0.14 (0.07-0.20) 
Gardenia ternifolia, G. erubescens, G. aqualla 
These three Sudanian and Guineo-Sudanian shrubs are palatable to livestock but have only an 
average to poor feeding value: 
Crude protein 7.5% DM (5-12)  
Net energy 6.1 MJ (4.6-6.7) 
Digestible protein/FU 45 (14-90)  
P 0.15 (0.05-0.35) 
Salvadoraceae 
Salvadora persica is a Saharan or sub-Saharan shrub or undershrub, more or less 
crassulaceous phreatophyte and halophyte. It is rarely found in conditions where rainfall is 
higher than 200 mm except on really saline soils in the Sahel. Its range extends into East Africa 
and the Middle East. A variant species, S. oleoides, can be found under rather similar conditions 
in Rajasthan. Thanks to its high mineral content, S. persica represents a "salt-cure" in its own 
right. The nutritive value of leaves is as follows: 
Crude protein 13% DM (10–17) 
Net energy 4.8 MJ kg DM (3.2–-6.0) 
Digestible protein/FU 137 (108–-193)  
P 0.10 (0.08–-0.13) 
Silica-free minerals 29% DM (20–-36) 
Tiliaceae 
The Sahelian and Sudanian forage Tiliaceae, belong to the Grewia genus widely spread in the 
arid and semi-arid tropical zones of Africa. The main species is indisputably G. bicolor, also well 
represented in East Africa. G. tenax extends into the Sahara but is of limited interest owing to its 
very short leafy phenophase. G. bicolor is common between the isohyets 200 and 800 mm, 
especially in low-lying areas, or in association with termitaria. Its foliage is palatable to all 
herbivores in the dry season. The nutritive value is average to good: 
Crude protein 11% DM (4–20) 
Net energy 6.2 MJ kg DM (5.6–6.8) Digestible protein/FU 77 (25–154) 
P 0.14% DM (0.09–0.20) 
D.M. Digestibility (G. carpinifolia) 69.5%a C.P. Dig. 77.8%. 
a(Mabey and Rose-Innes, 1965) 
Other species are very palatable but rather rare: G. villosa or G. carpinifolia. The latter has been 
studied by Rose-Innes and Mabey (1966) with the following findings: 
Digestibility 69.5% DM 
Crude protein 18.0 
Daily intake/DM 1.82% live weight 
Net energy 6.6. MJ kg DM 
Digestible protein/FU 134 
P 0.10% 
Ulmaceae 
Celtis integrifolia is a Sudanian tree that can also be found in the Sahel in humid low-lying areas 
up to the 400 mm isohyet; it spreads as far as East Africa. Like its Mediterranean congener, C. 
australis, its foliage represents a food forage with a high mineral content, palatable to all 
animals during the dry season, in West and East Africa. The nutritive value is as follows: 
Crude protein 11% DM 
Mineral 25% DM (with 50% Si02) 
P 0.20 DM 
Verbenaceae 
In the southern-Sudanian and Guinean zones, some Vitex species, V. madiensis, V. 
doniana and V. cuneata, are palatable to cattle in the dry season (Piot, 1969, 1970) and have a 
fair forage value: 
Crude protein 12% DM 
Net energy 5.4 MJ kg DM Digestible protein/FU 98 
P 0.23% DM 
Zygophyllaceae 
Balanites aegyptiaca is perhaps the most typical tree or shrub in the Sahel, sometimes 
classified in the Simaroubaceae, Zygophyllaceae or Balanitaceae families. It extends throughout 
the driest environments of the northern Sudanian zone and as far as the centre of the Sahara 
along the main wadi bottoms. In the Sahel, it settles on all soils and under any topographical 
conditions. Its multiplication appears to be related to man's activities: it is always more plentiful 
around past or present human settlements. The leaves, which fall as early as January in the 
Sahel and the chlorophyllous twigs are palatable to both domesticated and wild herbivores. The 
fruit is also palatable, the kernels containing 40% of edible oil which, once extracted, yields 
cakes similar to groudnut cakes with 50% protein and 36% glucose. The fruit and bark contain a 
hydrosoluble ichtyotoxic saponoside toxicant for Bullinus and Planorbis Gasteropods, bilharzia 
vectors (Wickens, 1980). Nutritive value (leaves and twigs): 
Crude protein 15% DM (6–24) 
Net energy 6.1 MJ kg DM (5.5–6) 
Digestible protein/ FU 100(20–236) 
P0.11 (0.03–0.20) 
4.2 Secondary species 
Secondary browse species are very plentiful in the Sahelian and Sudanian zones. It will be 
sufficient here to merely give a list of them, and the reader is asked to refer to Toutain's study 
(1980) for the Sudanian zone and to the present author's two reports of 1979 for the Sahelian 
zone, the chemical components and the feeding value respectively. 
Anacardiaceae 
Lannea acida-L. humilis, Sclerocarya birrea are Sudanian and Sahelo-Sudanian species 
consumed by livestock to a fair degree. 
Mangifera indica (mango-tree) is a southern Sudanian and Guinean species whose leaves and 
fruit are eaten by livestock (Toutain, 1980; Dicko-Touré, 1978). 
Araliaceae 
Cussonia kirkii (= C. barteri) is a Sudanian species locally utilized by livestock). 
Asclepiadaceae 
Laptadenia pyrotechnica is a Saharan and Sahelo-Saharan species, while L. hastata is Sahelo-
Sudanian. The former is consumed by camels and the latter by donkeys and to a lesser extent 
by goats. 
Bignoniaceae 
Stereospermum kunthianum is a Sudanian or Southern Sahelian small tree or shrub sometimes 
consumed in both West and East Africa, though of a poor forage value. 
Bombacaceae 
This family comprises three species browsed to a greater or lesser degree: the 
baobab Adansonia digitata, the false kapok tree Bombax costatum, and the silk cotton-
tree Ceiba pentandra. The baobab is a southern Sahelian and northern Sudanian species with 
an ecologic optimum between the 500 and 1000 mm isohyets. See Wickens (1979) for its 
multiple utilization. The leaves are moderately consumed by livestock but the fruit pulp which is 
very rich in vitamin C, is palatable to many animals among which small ruminants, monkeys and 
man. Fallen dry leaves are sometimes eaten by livestock. Green leaves are used in cooking. 
The false kapok tree is an essentially Sudanian species and its fallen flowers are readily 
consumed, though of a poor feeding value. 
The silk cotton-tree, a Guineo-Sudanian species, is virtually untouched by livestock. 
Capparidacese 
Boscia senegalensis, though virtually unpalatable, is very rich in protein (30–35%DM). 
Research should be carried out on the utilization of this Sahelian undershrub (palatability, 
utilization of dry ground leaves, cultivation etc.). 
Celastraceae 
Maytenus senegalensis (= Gymnosporia senegalensis) a Sahelo-Sudanian shrub, is sometimes 
substantially browsed though of a poor nutritive value. The same is true for other species of a 
similar genus in East Africa. 
Chailletiaceae 
Dichapetalum guineneense, studied by Rose-Innes in the subhumid zone in Ghana, has an 
indisputable forage value. 
Combretaceae 
A certain number of Combretaceae, mainly Sudanian, have some forage value especially: 
Anogeissus leicarpus, Guiera senegalensis, Combretum geitonophyllum, Terrninalia 
avicennoides, Terminalia macroptera.Guiera, very abundant on sandy soil fallows between the 
500 and 800 mm isohyets, is sometimes considered as a forage species (particularly in 
Senegal) and sometimes found unpalatable (Nigeria). There may be populations with different 
levels of palatability. 
Ebenaceae 
Diospyros mespiliformis is a Sudanian species invading humid low-lying areas in the Sahel. 
Euphorbiaceae 
Hymenocarida acida, a Sudanian shrub, is found in the Sahel in low lying areas. Its folliage, 
which has a good feed value, is eaten by livestock. Securinega virosa, a Sudanian shrub, 
consumed to some degree. 
Graminaceae 
Oxytenanthera abyssinica, a bamboo whose young leaves and twigs are palatable, has a poor 
forage value. 
Leguminoseae 
Among the Cesalpinioideae, Piliostigma reticulata and P. thonningii may be mentioned, the 
former Sahelo-Soudanian and the latter Sudanian. The pods are consumed in both 
cases. Cassia sieberfana. The pods of this otherwise unpalatable shrub are consumed by 
ruminants. Isoberlinia doka, a Guineo-Sudanian species, is sometimes considered as a good 
browse, though it has not yet been the object of more detailed study, as far as the present 
author is aware. 
Mimosoideae 
The species in this sub-family play an important part in the Sahelian and Sudanian zones. 
Beside the main species already mentioned, some others can be noted: 
A. Sahelian zone: Acacia nilotica adansoni, Acacia tomentosa, Acacia ehrenbergiana, Acacia 
mellifera, Acacia nubica, Acacia laeta, Dichostachys cinerea, B. Sudanian zone: Albizzia amara, 
Albizzia chevallieri, Albizzia zygia, Acacia ataxacantha, Acacia macrostachya, Acacia dudgeoni, 
Acacia siberiana, Prosopis africana. 
Other species have been introduced, among which the following: in the Sahelian zone (Le 
Houérou, 1980; Lepape, 1980): Prosopis julijflora2 Parkinsonia 
aculeata (Cesalpinioidease), Prosopis chilensis; and in the Sudanian zone (Boudet et Toutain, 
1980; Toutain, 1980; Le Houérou, 1980): Pithecellobium dulce, Leucaena 
leucocephala and Pithecellobium saman. 
2Despite Burkart's recent monograph (1976), the taxonomy of this group is still very 
confused. 
Beside these species which look highly advantageous, the recent and promising Senegalese 
introductions of phyllodinous Australian Acacias may be mentioned (Hamel, 1980): A. 
linarioides, A. bivenosa, A. tumida, A. pyrifolia, A. plectocarpa, A. holosericea, A. salicina, A. 
coriacea, A. sclerosperma. 
Further confirmation concerning their adaptation to the Sahelian zone, their palatability and their 
nutritive value is still required but preliminary results have justifiably given rise to optimism 
concerning both forage and firewood production, as well as erosion control or utilization as 
windbreaks (Hamel, ibid). 
Papilionoideae (= Fabacoideae) 
Dalbergia melanoxylon, a Sudanian species, is found in the Sahel in more humid places; it 
suffered much from droughts between 1970 and 1974 (Poupon, 1979). 
Dalbergia sissoo, an Indian species, gives one of the best performances for Sahelo-Sudanian 
afforestation. It is known as a good browse in its native country. 
Among the Papilionoideae a number of Sahelian chamaephytes should be mentioned on 
account of the forage value attributed to them by some authors. Further research should be 
carried out on these species: 
Indigofera arenaria, I. bracteola, I leprieurei, I prieureana, I spinosa, I oblongifolia, Crotalaria 
podocarpa, C. arenaria, C. atrorubens, C. barkae, C. microcarpa, C. macrocalyx, Tephrosia 
purpurea, I quartiniana, I linearis, I bracteolata, I obcordata, Aeschynomene crassicaulis, A. 
indica, A pfundii, Stylosanthes scabra (introduced), S. viscosa (introduced), S. subserisea 
(introduced), Crotalaria thebaica, C. Saharae, C. aevptiaca, C. vialattei, Sesbania leptocarpa, S. 
pachycharpa, S. sesban, Psoralesa plicata, Cajanus, cajan (introduced), Stylosanthes hamata 
verano, S. guyanensis, S. erecta, Stylosanthes fruticosa, Desmanthus virgatus, Rhynchosia 
minima, R. memnonia. 
All these species have been indicated as good fodder in various studies; preliminary surveys 
followed by systematic experimentations should be carried out to determine the agronomic 
potential of these species. This opinion is reinforced by the fact that in terms of both the number 
of species present and their abundance the arid and semi-arid zones are poor in perennial 
forage legumes. Moreover, the research carried out by CSIRO Australian agronomists on local 
Mediterranean and tropical South American flora has enabled some perennial forage legumes 
of the semi-arid zones to be selected, although they were formerly considered as weeds. These 
include: 
Stylosanthes hamata, s. viscosa, S. subsricea, S. scabra, S. fruticosa, S. erecta, and of 
course, Leucaena leucocephala, of all which plants may also be of value in the southern 
Sahelian and Sudanian zones, especially for improving fallow land. Australian achievements in 
this area, using Mediterranean native (Medicago, Trifolium) or tropical (Stylosanthes, 
Macroptylium, Macrotyloma, Desmodium, Centrosema, etc.) species should not be omitted, 
since they started a real "green revolution". Afro-tropical flora have been little explored in this 
connection and only as regards the East African highlands. 
Rhamnaceae 
The Rhamnaceae offer a list of potential valuable species, but these are of no importance for 
the moment because they are relatively rare: 
Ziziphus jujuba, Z. pseud ojujuba, Z. abyssinica, Z. mucronata, Z. spina-christi. It should be 
mentioned that a jujube from northeast Brazil, Z. joazeiro, is locally considered to be one of the 
best browses available. 
Rubiaceae 
Mytragyna inermis is a shrub associated with the Sudano-Guinean zone but which is found in 
the Sahel in humid places. Leaves and young twigs are palatable to small ruminants. Forage 
value is very good. 
Sapotaceae 
Butyrospermum paradoxum (=Vitellaria paradoxa). Young shoots and dry leaves of the shea 
butter tree, a typically Sudanian tree, are consumed and represent a good forage according to 
Toutain (1980). 
Sterculiaceae 
Sterculia setigera; the consumption of young leaves and fallen dry leaves of this small Sahelo-
Sudanian tree has sometimes been noticed. The value of this forage is poor. 
Tiliaceae 
Many Tiliaceae, particularly Grewia villosa, G. tenax, G. flavescens, G. mollis, contribute to a 
fairly large extent to livestock feeds, although they are less important than G. bicolor. G. 
villosa, common in East Africa, seems to be more palatable there than in the Sahelian and 
Sudanian zones, where it is less common. 
4.3 Common woody species, not usually consumed 
Adenium obesum, Annona senegalensis, Bridelia ferruginea, Calotrpi procera, Cissus spp., 
Crossopterixfebrifuga, Detarium microcarpum, Diospyros mespiliformis, Erythrina senegalensis, 
Euphorbia balsamifera, Ficus spp., Pergularia tomentosa, Cocculus pendulus, Combretum 
glutinosum, C. micranthum, C. molle, C. nigricans, Securinega virosa, Sterculia setigera, 
Tapinanthus spp., Pitex spp., Ximenia americana. 
5. Forage production of browse species 
5.1 Individual production of trees and shrubs 
The individual production of trees and shrubs has been the object of detailed and timely studies 
under the ORSTOM programme at Fété-Olé in the Sahelian zone of Senegal (Poupon, 1976, 
1977, 1979; Bille, 1977), and as part of the ILCA programme in the Sahelo-Sudanian zone at 
Niono in Mali (Cissé and Hiernaux et al,1970,1979; Cissé,1980). Other studies are being carried 
out in the Sahelian and Sahelo-Sudanian zones in Upper-Volta (Nebout and Toutain, 1978; 
Grouzis and Sicot, 1980). Several contributions to the present symposium relate these studies 
(Cissé, Bille, Grouzis and Sicot) so only some of the conclusions arising from them will be 
formulated here. Correlations between leaf biomass and trunk circumference (or diameter) are 
satisfactory (0.86<r<0.98). Predictive equations naturally vary from one species to another, and 
also according to the ecological zones under review. Probably they also vary according to 
specific populations, so that working out a predictive equation for a given species for the whole 
Sahelian or Sudanian zone, does not seem to be possible at present. Predictive equations are 
linear: (log y= a) log x + b) or exponential (y= axb) where y= leaf biomass, x = stem 
circumference and a and b are specific site constants. 
A relatively limited number of species has been studied:  
Acacia senegal, Acacia seyal, Acacia tortilis, Adansonia digitata, Balanites aegyptiaca, Boscia 
senegalensis, Combretum aculeatum, Commiphora africana, Faidherbia albida, Grewia bicolor, 
Guiera senegalensis, Pterocarpus lucens, Ziziphus mauritiana. 
Mean yields show the following figures: 
a) Fété-Olé(1971-77)—long-term mean rainfall: 340 mm; rainfall over the period of 
measurements: 220 mm.Data calculated from figures published by Poupon (1979). N.B. These 
figures are certainly lower than long-term means, since they were obtained over a period with a 
very poor rainfall: less than 100 mm for two years (1972-1977) and three years showing a deficit 
of 40% (1970, 1971, 1973). 
b) Niono, Mali: long term mean term rainfall: 550 mm; mean rainfall over the period of 
measurements ~ 480 mm mean production of each specific population calculated from data 
published by Cissé (1978, 1979, 1980): 
Faidherbia albida 10.0 kg/individual/year 
Faidherbia albida pruned   6.0 " 
Pterocarpus lucens   4.5 " 
Ziziphus mauritania   2.5 " 
Acacia seyal   2.5 " 
Combretum aculeatum   0.072 " 
Fruit production is also related to the various allometric parameters, similarly to leaf production 
(trunk circumference, height, crown surface, biovolume etc.) 
In the Niono area, Cissé obtained the following figures: 
Total of sampling area 0.140 kg DM per 
individual/tree year 
(116kg/841 i) 
kg7841 
Commiphora africana 0.950 3.8/4 
Grewia bicolor 0.740 26/35 
Acacia senegal 0.225 4/16 
Balanites aegyptiaca 0.223 13/60 
Guiera senegalensis 0.130 31/235 
Boscia senegalensis 0.078 38/491 
Faidherbia albida unpruned 10.0 kg/tree/year 
Faidherbia albida pruned   6.0 "    "    " 
Acacia seyal   0.7 "    "     " 
Pterocarpus lucens   1.8 "    "    " 
At Fété-Olé Poupon gives the following figures (1971–77): 
Total sampling area 0.013 kg/tree/year 
Commiphora africana 0.090 "     "     " 
Balanites aegyptiacea 0.540 "     "     " 
Grewia bicolor 0.760 "     "     " 
Boseia senegalensis 0.043 "     "     " 
Acacia senegal 0.054 "     "     " 
Guiera senegalensis 0.011 "     "     " 
i.e. 11.9 kg/ha/year for 841 individuals/ha 
It should be noted that the figures for pod production given in the literature for Faidherbia 
albida (Charreau and Vidal, 1965; Giffard, 1971; Radwanski and Wickens, 1967; Wickens, 
1969; Le Houérou,1980), and varying from 50 to 150 kg/tree/year were obtained on unpruned 
tall trees. These figures are not very reliable due to the pinpoint measurements in time and 
space through which they were obtained. When studying production for a total population and 
over several years, more modest figures are obtained, of the order of 10–20 kg per tree and per 
year (Cissé, 1979), for example, in the Segou district (750 mm). 
Determining the fruit production of Acacia, especially A. tortilis, A. seyal and A. albida, seems 
extremely important. Total net production in FU maybe higher with fruit than with leaf or mixed 
utilization. But as far as the present author is aware, this theory is still to be verified. The 
implications for optimization of stand management would naturally be enormous. F albida pods 
were being sold on Malian markets at 25 ME ($ 0.06 US) per kg in 1979, i. e. 32 MF/FU, which 
makes it a cheap concentrate. 
5.2 Production from plant association 
Determining this production implies relevant studies such as those mentioned above, as well as 
a demographic study of the populations, their phytosociological definition and their cartography 
(for the latter, see Hiernaux's communication to this symposium). 
Unfortunately there are few data on the forage production of browse associations in the 
Sahelian and Sudanian zones. This shortage of information may be explained in several ways: 
one of the main reasons relates to the difficulties of this subject. It requires long, painstaking 
and numerous measurements, which are in any case not very accurate. Research carried out 
over recent years, especially in Senegal (Bills, 1977; Poupon, 1976, 1979), Mali (Cissé, 1978, 
1979, 1980), Upper Volta (Nebout and Toutain, ), Ivory Coast (Menaut, 1977) and Cameroon 
(Piot, 1969), has nevertheless permitted an overall estimation, something which was impossible 
only five years ago. It should be mentioned that these pinpoint studies have never been 
extended on a regional basis, except in the case of Hiernaux's work (1980) in the central zone 
of Mali. Taking these various studies as a basis, a mean estimation for consumable browse can 
be obtained: 
1 kg DM/mm/ha/year (Le Houérou, l979), which is the equivalent of: 
150 kg DM/mm/ha/year in the Saharo-Sahelian zone 
300 "    "     "    "    " in the Sahelian s.s. zone 
500 "    "     "    "    " in the Sahelo-Sudanian zone 
700 "    "     "    "    " in the northern Sudanian zone 
1000 "  "     "    "    " in the southern Sudanian zone 
This estimation is slightly inferior to Bille's (1980) and to Hieranaux's (1980) and also to that 
found for Mediterranean North Africa (1.4 kg DM/ha/mm/year). (Le Houérou 1979; Floret and Le 
Floch, 1980). This estimate is based on the hypothesis of a utilisation coefficient of 50% for 
deciduous biomass. Of course this coefficient may vary considerably in terms of vegetation 
structure, animal species and the management practices of herdsmen (lopping, pruning, 
pollarding, etc.). 
For example at Niono (550 mm), Hieranux has estimated the total deciduous production at 1000 
kg/ha/year/DM on average, i.e. 20 kg DM/ha/mm/year, with deviation ranging from 21 
kg/ha/year for open associations of Combretum ghazalense and Sclerocarrya birrea on sands, 
to 3536 kg/ha/year for virtually enclosed associations of Pterocarpus lucens on clay. 
If daily requirements of 1 g crude protein per kg of liveweight and per day (maintenance, 
trekking, growth) are accepted, a figure of 275j 250g=68.7 kg of CP per TLU for the length of 
the dry season is obtained. The mean CP content is 125 g per kg DM for the whole of West 
African browse (Le Houérou, 1980), so 1 TLU should consume 2 kg of browse per day, i.e.
= 32% of its daily intake, assuming 
that the balance of the diet contains no digestible protein whatsoever, which is not always true. 
Each TLU should thus consume 275 2=550 kg of browse for 1168 kg of grass during the dry 
season. In the well-balanced (non-degraded) pastoral ecosystems of the Sahelo-Sudanian area, 
consumable browse biomass represents nearly half of grass biomass (Boudet, 1970; Hieranux, 
1980) 
The figures have been confirmed experimentally in Senegal (Blancou et al, 1978), where the 
mean browse content of fistulated cattle is 25% (5–45) during the dry season. 
This figure fits perfectly with the estimate of 32% given above, the fact that the herbaceous part 
of the total intake may not be entirely lacking in protein being taken into account. 
The same argument can be applied for phosphorus and carotene. Dry season straws contain an 
average of 0.05% P, whereas 0.12% is required (Le Houérou, 1979). β carotene requirements 
are about 100 mg per TLU per day ( ~ 45000 IU of vit. A); dry straws have almost none. An 
experiment carried out by Granier (1977) in the Sahelian zone of Niger showed that a herd 
managed on a traditional basis but deprived of browse during the dry season showed serious 
signs of vitamin A deficiency during the second half of the dry season. 
Moreover, a common disease in cattle, occurring in the second half of the dry season in 
deforested zones of the Sahel, is pseudo-contagious amaurosis, also due to vitamin A 
deficiency ( A. Provost, 1979; Comm. Pers.). This proves that vitamin A is stored, in the liver 
over shorter periods than previously thought, probably only a few weeks. This theory has been 
confirmed experimentally by American research workers (Dietz, 1972). 
6. Browse plantations in Sahelian and Sudanian zones 
The planting of A. albida and A. senegal has been discussed (Giffard, 1964; Seif el Din, 1965, 
1969) as well as the natural regeneration of stands (Delwaulle, 1978). Many medium or large-
scale afforestations have been achieved successfully with these two species in zones with a 
mean annual rainfall higher than 400 mm. Other native species such as A. tortilis have also 
been used for spectacular afforestations on a small scale: at M'bidi (400 mm) in Senegal, for 
example, or at Birkaner (180mm) in Rajasthan. 
Among exotic species, striking successes have been achieved with Prosopis 
julflora (Mauritania, Senegal, Sudan, Cap Verde Islands), but in the coastal area or with a fairly 
deep water table.Parkinsonia aculeata has achieved spectacular results with rainfall lower than 
200 mm in Cap Verde Islands (Maudoux, 1978, Le Houérou, 1980, Lepape, 1980). Acacia 
aneura seems to have achieved moderate results in the Sahelian zone of Sudan. 
On the other hand, Hamel's trials in Senegal (1980) have given rise to considerable optimism, 
using phyllodineous Australian species: 
A. linarioides, A. tumida, A. salicina, A. coriacea, A. bivenosa, A. holosericea, A. sclerosperma, 
A. pyrifolia. 
In the Sudanian zone, many browse species can be planted and will normally thrive: 
A. albida, Pithocellobium dulce P. saman, Leucaena leucocephala (deep soils with favourable 
water balance), Stylosanthes scabra, S. hamata, S. viscosa. 
Among native species some are promising (Piot, 1979, Cissé ex Hiernaux et al, 1978, Le 
Houérou, 1979, Gosseye, 1980), such as: 
Combretum aculeatum, Ziziphus mauritania, Bauhinia rufescens. 
Others which are particularly rich in feed value should be studied more thoroughly: 
Maerua crassifolia, Boscia angustifolia, Pterocarpus lucens, Salvadora persida, Cadaba 
farinosa, C. glandulosa, Grewia bicolor, Balanites aegyptiaca. 
Planting costs with nursery grown plants averages 60,000-80,000 CFA F/ha (US $ 300-350, 
with a tree density of 600/ha for A. senegal at M'bidi in Senegal (N.O. Kane, comm. pers. 1979), 
i.e. US $ 0.5 approximately per tree/ shrub established. This cost includes soil preparation, a 
nursery operation, transportation and two ploughings a year to eliminate grass cover 
competition, over three years. Of course this may vary to a large extent from one country to 
another, especially in terms of labour cost, which is 70 to 80% of the overall expenses. 
Such costs naturally are beyond the means of a medium sized crop or livestock producer. 
Research should therefore be focused on less expensive establishment methods, such as direct 
sowing, a method which has sometimes been successful (Piot, 1980), and sometimes failed 
(Gosseye, 1980). With some shrubs such as Leucaena, Cajanus cajan, or Stylo santhes 
scabra, direct sowing does not seem to create any serious problems in the Sudanian zone; 
these species should enable fallow to be greatly improved. 
7. Biology multiplication utilization 
Some multiplication experiments carried out at Niono in Mali as part of the ILCA programme 
(Hiemaux et al, 1978, 1979, Gosseye, 1980) have given the following results: 
Germination 
Species Germination rate Treatments 
Combretum aculeatum 78 Boiling water 
Acacia seyal 78 "             " 
Acacia albida 60 "             " 
Sclerocarya birrea 53 "             " 
Bauhinia mfescens 30 "             " 
Ziziphus mauritiana 32 "             " 
Pterocarpus lucens   0 "             " 
Propagation by cuttings 
Species Strike rate (in nursery) 
  Apex 
cuttings 
Lignified 
cuttings 
Bottom 
cuttings 
Root Stock 
Combretum 
aculeatum 
0   0 0 34 
Acacia seyal 0   3   0 35 
Acacia albida 0   0   0 63 
Sclerocarya birrea 0   0   0 – 
Bauhinia rufescens 0   0   0 26 
Pterocarpus lucens 0   0   0 21 
Ziziphus mauritiana 0   0   0 20 
Balanites 
aegyptiaca 
0   0   0 62 
Cadaba farinose 0   0   0 – 
Grewia bicolor 0 12 19 60 
Boscia angushifolia 0 11   5 60 
Multiplication trials using polythene bags in the nursery with transplantation into the field at the 
beginning of the rains have also been carried out to compare results to those obtained by direct 
sowing. The results are not available yet. Various utilization trials have been and are being 
continued, as part of the same research programme: utilization methods and patterns, the 
effects of pruning and cutting back. 
Preliminary results with Feretia apodanthera, Combretum aculeatum, and Cadaba 
farinosa clearly show that (Cissé in Hiernaux et al, 1979, Cissé, 1980): 
 a) the faster the pattern of utilization the lower production falls; 
 b) a total utilization has a marked depressive effect on outputs, as compared with partial 
utilizations; 
 c) protein contents is in direct ratio to utilization frequency. 
In addition, the trials show that pruning and cutting back are likely to lengthen the utilization 
period considerably around the second half of the dry season, particularly with Pterocarpus 
lucens. The moment at which cutting back and pruning are applied plays an important part in 
total production and the continuation of production during the second half of the dry season. 
Late dry-season pruning (October–January) has a more favourable effect than hot dry-season 
pruning (March–April); cutting back would appear to have the opposite effect. 
In every case pruning ensures a higher production than cutting back. Results are less 
clearwith Acacia seyal, although here again late dry-season pruning seems more favourable to 
production and especially to its continuation. Results with Acacia albida are also very clear: 
pruning is superior to lopping the large branches, and operations carried out in the late dry 
season better than those of the hot season. 
8. Development of Sahelian ligneous populations, and middleterm 
consequences 
All the monitoring studies in the Sahel show a considerable regression of the ligneous cover 
over about 20 years, caused by the combination of two phenomena; prolonged droughts and 
over-utilization. 
The comparison of aerial coverages taken at about 20 year intervals has given absolute proof of 
the substantial retreat of ligneous cover, especially in Tchad (32%, Gaston, 1975) and in Mali 
(22%, ILCA,1978), between 1952/54 and 1974/75. These results are confirmed by ground 
observation. Field studies for the whole of the Sahel indicate a mean mortality of 40-50% of 
ligneous cover during the 1970-73 droughts. Over some limited areas the death rate was nearly 
total. 
Research conducted by (ORSTOM) at Fété-Olé shows that the ligneous cover, having suffered 
from an average mortality of 20% in 1970-73, will probably be able to regenerate in about 10 
years under total protection conditions (Bille, 1978). But such is not the case under usual 
utilization conditions in the Sahel. In fact, in places where ligneous mortality has reached 50%, a 
demographic study of the plant populations shows that 30 years of complete protection would 
be necessary to bring production back to its pre-1970 level (Bille, 1978). This shows clearly that 
overutilization is worse than drought. 
It seems that under normal utilization conditions regeneration on the whole has been extremely 
low after drought (though substantial differences have been noted according to the places and 
species under review). The lack of, or poverty of, regeneration can be explained by three 
factors: 
 a) A great many trees have been cut or pruned very badly, so as to make foliage available to 
animals during the drought. Many trees did not survive, mainly because cutting was carried out 
over the whole tree, or using the wrong methods harming branches and trunks, or leaving 
behind dead branches which "cook" the trees whenever a bushfire occurs (Piot, 1980). 
b) Seeds and young plants were destroyed by hungry animals.  
c) Individuals located on the arid zone border of the range of their species died naturally from 
drought; sometimes whole stands perished thus preventing any regeneration. 
d) Firewood gathering has disastrous effects on browse production and stand development. 
Wilson (1980) shows that the small town of Niono (15,000 inhabitants) in Mali consumes the 
equivalent of the annual production of 37,000 ha of Pterocarpus lucens in firewood. If the 
present demographic growth of the city remains constant over the next 20 years, the population 
will consume the production of 400,000 ha by the year 2000, thus reducing the stocking 
capacity of the zone to 40,000 TLU. 
The consequences of this situation in the medium run are extremely important. If there are three 
exceptional droughts during the next 100 years, as there were over the last century, it is to be 
feared that the ligneous cover in the Sahel will be reduced to an absolute minimum over the 
next 50 years (unless regeneration can be ensured through good management before that 
time). 
Such regeneration being non-existent, the Sahel would become unexploitable for livestock 
outside the rainy season, unless animals were provided with concentrates and/or urea, with 
minerals to offset browse shortage. Technically, of course, this solution is quite possible and is 
already used in similar arid zones (Central and Northern Australia for example). Economically, 
however, it is not viable under the socio-economic conditions currently prevailing in the Sahel. 
Given the meat prices and offtake rates of herds in the Sahel, scarcely any investment is 
economically feasible (though slight differences exist between countries): in fact it is impossible 
to see any way in which animals could be supplemented economically for 8 to 9 months a year 
with the present meat and concentrate prices. 
The destruction of the ligneous cover would therefore most probably lead to a dead end for the 
livestock industry, the Sahel's main resource, and this before the year 2030. 
9. Shade, a screen function 
That ligneous vegetation acts as a screen in the Sahel is important in many fields, and relates to 
the soil as well as to grass cover, animals, and man himself. The screen function reduces 
potential evapotranspiration at the grass cover level to 50–70% (figures obtained under 
conditions similar to the Sahel in Botswana; Pratchett, in litteris, 1980). 
As regards animal production, this fact brings up two very important and measurable 
consequences: grass production is higher beneath a ligneous cover, while the grass remains 
green for 3 to 4 weeks at the onset of the dry season. Grass production on average is twice as 
high under ligneous as compared with full sunlight conditions in Mali, and 15-25% higher in 
Botswana (Prachett, ibid.). 
At Fété Olé, above ground net primary production was 1600 to 800 kg/DM/ha/year respectively 
(Bille, 1978). Similarly, at Niono the maximum biomass at the end of the rainy season was 4000 
and 2000 kg respectively (Boudet, 1970, Hiernaux et al, 1978). In the latter case, this concerned 
a heliophyte association of Schoenefeldia gracilis and a sciaphilous association of Pennisetum 
pedicellatumand Setaria pallidefusca. If ligneous cover production is added to grass production, 
and above ground net primary production of 330 g/m2/ year is obtained at Fété Olé, and 1200 
g/m2/year at Niono, i.e. a photosynthesis efficiency 3 of 0.3 and 1.4% at F6te 016, and 1.0 and 
4.5% at Niono. 
3 Global radiation ~ 180 Kcal/cm2/Tyr. (= 752.4 KJ) 
Incident radiation ~ 90 Kcal/cm /yr. (= 376.2 KJ) 
1 g DM ~ 5.0 Kcal (= 20.29 KJ) 
NPP ~ maximum standing crop. + 25% 
Photosynthesis efficiency is calculated over the growth period only; if calculated for the whole 
year, the figures would be about 20% of those mentioned above, i.e. 0.06, 0.28, 0.20 and 1.12% 
respectively. That photosynthesis efficiency is four to five times as high under ligneous cover. 
This is due to several reasons: 
1) Improved water economy at grass cover level, due to the reduction of evapotranspiration. 
2) Soil enrichment in organic matter, due to the incorporation of litter and slower mineralization 
of organic matter caused by a lower ground temperature. Better soil structure, thus greater 
permeability and increased water reserves; reduced runoff. Greater richness of the soil in 
geobiogenic elements (Ca, K, Mg, P, S, N) due to a relative storage of organic matter. Nitrogen 
mobilization is also four times as high in the shade as in the sun (1.3 g/m2 at Fété Olé). These 
relations have been quantified in the case of agro-pastoral systems with Acacia albida and millet 
(Charreau and Vidal, 1965), and with Prosopis cineraria/Amillet in Rajasthan (Mann and 
Shankarnarayan,1979). 
And finally shade is beneficial to animals. They can rest in it during the heat of the day and thus 
reduce the energy spent on temperature regulation, as well as their water consumption. 
Unfortunately these facts have not been quantified, as far as the present author is aware. It 
would certainly be an interesting research topic for physiologists working on ruminants. 
10. Other uses 
The energy role of ligneous plants in the Sahelian and Sudanian zone will not be considered 
here. Foresters are certainly more qualified than the present author to do so. Similarly, it is left 
to ethnobotanists to review the various uses of ligneous species (human food, pharmacopeia, 
handicrafts and building industry, etc.). See Wickens's works on the baobab (1979) and on 
African tropical ligneous plants (1980). 
11. Towards an ecological management of the Sahelian ecosystems 
We have noted that, for nutritional and economic reasons, browse should represent 20–25% of 
animal intake (30% during the dry season, 5% in the rainy season). How can this balance be 
ensured? Or, to put it the other way round, how can a sound management be established on the 
principle of a sustained output? This objective postulates a carefully coordinated course of 
actions. 
At the conceptual level, in terms of planning, the philosophy and objectives should be clearly 
defined and the strategy and means to attain the objectives selected should of course be 
described. This implies a dynamic livestock policy including stratification, trade (and thus a price 
policy in favour of quality products), etc. 
At the technical level, in the field, the problems are theoretically very easy; it is a question of 
adapting pasture stocking rates to the long run productivity of ecosystems. In practice this would 
mean that human and animal stocking rates would be controlled and that simple techniques 
such as deferred grazing, periodic enclosures and the adaptation of watering regimes to the 
density and seasonal occurrences of watering points would be utilized. It would also include the 
rational pruning of browse, and the selective gathering of firewood from non-forage species, etc. 
This kind of management, naturally presupposes choice and daily decisions, i.e. the idea of 
responsibility. Yet the present situation in the Sahel is characterized by a generalized lack of 
responsibility at resource level (pasture, water). 
Water and pasture are actually common, public resources whereas animals are individually and 
privately owned, so it is every user's interest to draw a maximum and immediate profit from the 
common resource without thinking of what may happen in the long run. Of course, such a 
situation results in the looting of common resources, in the long run the individual's own 
immediate profit. 
It is quite obvious that no rational system of any kind can be implemented without the idea of 
responsible management whether by individuals or groups. Meeting these responsibilities 
involves fundamental land reforms in terms of land tenure and water and land usufruct. These 
systems, on a collective basis, existed long ago in the Sahel but with a much lower human and 
animal population so that they resulted in a fairly steady balance between resources and 
resource utilization. This equilibrium, which was certainly not ideal as regards productivity and 
social justice, is badly endangered by unbridled over-utilization. If drastic socio-political reforms 
are not implemented without delay to ensure the rational management of Sahelian ecosystems, 
the Sahel will clearly be faced with a very deep crisis, threatening its present main resource. 
The situation in the Sudanian zone is certainly less gloomy, and development prospects are 
much better, at least on deep soils. But what will happen to browse on those millions of hectares 
of ferruginous or lateristic hard pans? At present browse plays an important part in livestock 
production, especially during the second half of the dry season, at the precession of foliation 
when the first breath of the monsoon begins to mollify the effects of the harmattan. 
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Foreword 
Only the feed aspects of browse plants used in animal production will be discussed here. There 
are other highly important types of utilization of trees and shrubs, whether for animal health 
involving the use of traditional cures, or more usually as aids to livestock management involving 
live hedges or the use of branches to protect fields and compounds, or to restrain animals 
(zeribas, vaccination enclosures) and provide shade, etc. These aspects will not be dealt with 
here. 
The Sudanian environment 
The Sudanian climate of West Africa in characterized by a summer rainfall regime and dry 
winter season, with annual rainfall between 600 and 1200 mm or over. A further distinction is 
normally made between the northern Sudanian sector, where the active growth period for 
vegetation lasts under five months, and the southern Sudanian sector, with a five to seven-
month active growth period. 
The commonest type of vegetation is savanna. This primarily consists of a continuous grass 
cover composed mainly of Gramineae. There are many trees and shrubs, but these are 
scattered and the cover they provide does not normally exceed 30%. In the northern Sudanian 
sector, the vegetation approaches shrub savanna, with many annual grasses. In the southern 
Sudanian sector the savanna is wooded and the grasses are mostly perennial. 
Ligneous plants are a basic component of savanna. The regular occurrence of bush fires 
maintains a kind of equilibrium between the grass and ligneous strata, favouring the dominance 
of grasses. Where competition from fires diminishes, the density of ligneous plants usually 
increases. In places where water conditions are favourable, the tree cover can be a very 
important factor. Savanna browse species are many and differ widely in height, habit and plant 
cycle. Height varies from 2 to 30 m. 
Animal production has always been present in the Sudanian zone, particularly the traditional 
village system, with herds owned by peasant smallholders. It is of growing importance in the 
village environment, where there have been recent successes against epizootic disease or with 
the introduction of animal traction, and where growing numbers of transhumant pastoralists 
arrive from the Sahel zones in which they have become too numerous. The new settlers adapt 
their production methods to Sudanian conditions, with short periods of migration combined with 
cereal cropping, leading to a semi sedentary existence. 
The grass feed available for animals in the savanna zone has its own cycle which differs from 
that of more arid areas. In the Sahel most grass is palatable throughout the year at all stages of 
the plant cycle. In the savanna, however, the availability of palatable species varies far more in 
accordance with the season. Annual and perennial grasses may be consumed in their entirety 
during the vegetative period, but during stem elongation parts of the plant become hard and are 
less willingly consumed or left untouched. After the rains the animals are surrounded by large 
quantities of vegetation, only a small proportion of which is really palatable. They select the 
greenest and most tender parts of the plant. After the harvest, the crop residues and many post-
harvest plants represent highly palatable feed sources at a time when natural feed supplies 
begin to lose their attraction. Once dry most kinds of grass are in practice refused, or browsed 
only in small quantities. During this time, the same species which provide optimum dry season 
feed supplies in the Sahel are left untouched in the Sudanian zone where, having grown far 
larger, they have become much coarser. 
Green feed is everywhere available to livestock from April–June to October–November 
depending on the area, i.e. for twice as long in the Sudanian zone as in the Sahel. After this 
period the animals move into the lower-lying areas, where green feed can still be found for 
several weeks or even months, and into dry areas where grassland recovers in the wake of 
bush fires. Not until late in the dry season, before the intertropical front returns and fresh rainfall 
precipitates new recovery, is there any shortage of green grass. This is the bridging period, 
lasting two to four months. 
During this period feeding becomes increasingly problematic on account of the frequent bush 
fires, which burn off a large part of the grass cover from November onwards. 
The foliage of Sudanian trees and shrubs is deciduous or persistent according to the species. 
For deciduous plants foliation occurs at the end of the dry season or at the beginning of the 
rains. The leaves fall during the first part of the dry season which often coincides with the 
occurrence of bush fires. For plants with persistent foliage the young leaves usually emerge 
during the cold dry season, between December and February, or at the end of this 
period. Faidherbia albida has a peculiar cycle, being devoid of leaves in the wet season. 
Flowering and fruiting periods vary greatly from one species to another, sometimes occurring 
during the rains and sometimes in the dry season. In some species they last only a short time, 
while in others they extend over a long period. 
From the above analysis it may be seen that grassland and browse plants are complementary 
for feed purpose. At a time when grazing offers animals only dried grass at its least palatable, of 
poor feed value and often present in inadequate quantities, browse plants provide the following 
resources: a fresh green stage during the dry season, new shoots and buds and/or flowers and 
fruit. 
Observations on animals at pasture, examination of plants in grazing areas and investigations 
with herdsmen show that, in the Sudanian zone, animal feed is largely drawn from the grass 
cover and primarily from Gramineae, which offer green parts for a large proportion of the year, 
especially in the wetter areas. As long as the grass cover provides sufficient feed supplies, 
utilization of browse species is only intermittent. On the other hand, during the bridging period 
ligneous plants constitute a real and highly nutritious feed resource and are sometimes 
intensively utilized. If foliage is out of reach of the animals the herdsmen bend or cut branches. 
2  The main browse species 
Amongst the many ligneous plants growing in the savanna only a small number have a real 
forage value. Palatability assessment for the plant parts consumed and utilization methods vary 
according to the area, and the authors are not always in agreement. The information which 
follows concerns only species where the feed value is more universally acknowledged. Human 
occupation has greatly altered the plant environment and the presence or distribution of species 
varies between villages or cropping areas and bushlands. 
2.1 Species present in rural areas 
Only one common species has any real forage value: Faidherbia albida. Two further species are 
sometimes introduced, Prosopis chilensis and Leucaena leucocephala. The other plants cited 
are very common in villages owing to their human food value, and their role in animal feeds is 
subsidiary. 
Faidherbia albida (Del.) A. Chev. (Mimosaceae)  
Synonym: Acacia albida Del.; common names: cade, gao This large tree typifies the browse 
species of the Sudanian zone and especially its northern sector. The literature on this species, 
which was probably introduced to West Africa in ancient times and is now present exclusively in 
rural areas, is plentiful. Faidherbia sums up the Sudanian agropastoral system. "Its inversed 
cycle creates a micro-climate which favours crops. Its fallen leaves enrich the soil, giving rise to 
more frequent yields of millet and sorghum by avoiding the need for fallow periods. The nutritive 
value of the foliage and especially the pods is by no means insignificant, since these occur at a 
critical period for livestock. In addition, the tree tolerates trimming well". (Seignobos). Sedentary 
cattle production has a role of capital importance to play in the development 
of Faidherbia parkland (Pelissier). 
It should be pointed out that the pods are consumed by all types of animal, but especially by 
small ruminants. They are gathered by hand for household animals and are bought and sold. 
The branches are cut for their leaves, which small ruminants find delicious. The leaves and 
pods both have an excellent feed value. 
Table 1 
  FU DCP6 
Whole pods (March) 0.67   70 g 
Green leaves 0.88 103 g 
aFU: Feed units/kg of DM 
bDCP: Digestible protein, in G/kg of DM. 
Prosopis chilensis (Molina) Stuntz (Mimosaceae) 
Uncertain nomenclature (Burkart, Ormonde); Common names: prosopis, mesquite (amer). This 
tree was introduced from tropical America and is usually planted in hedges. It is especially 
suitable for dry regions. The pods are highly palatable but production is often irregular or low. 
The leaves are not greatly appreciated and are primarily consumed by sheep and goats. They 
provide 40–70 g of DCP/kg of DM. 
Leucaena leucocephala (Lam.) de Wit (Mimosaceae) 
Synonymus: Leucaena glauca (L.) Benth., Mimosa leucocephala Lam. 
This shrub originally comes from tropical America. It is an excellent browse plant, suitable for 
improving existing pastures in areas with more favourable water supplies. It can be maintained 
in a bushy state for easy access by livestock. The literature on its establishment, utilization and 
toxicity to monograstics is plentiful. 
Albizia lebbeck (L.) Benth. (Mimosaceae) 
This introduced tree species is sometimes cultivated in towns and villages. 
Adansonia digitata L. (Bombacaceae) 
Common name: baobab 
This species is virtually only found in villages, except in the Sahelo-Sudanian zone, where it is 
common in the bush. The foliage is cropped for human consumption. At the beginning of the dry 
season livestock consume the fallen leaves. Beneath the baobab, as beneath Balanites trees, 
dead leaves are never found. Baobab leaves have an excellent feed value which is greatly 
appreciated (1 FU/kg of DM and 110 g of DCP/kg). Small ruminants also eat the fruit pulp. 
Mangifera indica L. (Anacardiaceae) 
Mangoes are frequently found in Sudanian villages. The animals browse accessible foliage, 
necessitating the protection of young plants. During the productive period animals sometimes 
eat large quantities of the fallen fruit. However mango trees are not really a feed resource. 
Ficus gnaphalocarpa (Mig.) Steud. (Moraceae) 
Some species of wild fig bear foliage which can be consumed by animals. F. gnaphalocarpa is 
often protected in village environments, on account of its fruit production. Sometimes it is 
heavily lopped by nomads during the dry season. The fallen fruits are eaten by small ruminants. 
2.2 Species present in the bush but also found in rural or village 
environments 
Khaya senegalensis (C. Desr.) A. Juss. (Meliaceae)  
Common name: cailcedrat, acajou de Sénégal. This is a very common tree in the Sudanian 
zone, especially in the savanna of the humid zones, in valleys and land subject to flooding. It is 
frequently planted and protected in villages and along roads as a means of providing shade. It 
provides excellent timber. In some areas individual trees are very intensively utilized for their 
feed value and are lopped every year. Although less palatable than the foliage 
of Pterocarpus erinaceus, the young leaves during the dry season provide excellent feed. 
Table 2 
  Cellulose FU DCP 
Young leaves 27% 0.75 50g 
Sclerocarya birrea (A. Rich) Hochst (Anacardiaceae) 
This savanna tree prefers sandy soils. During bush clearance it is protected and is often left 
standing in fields and villages. The animals consume the leaves and fruit intermittently. 
Acacia sieberiana DC. (Mimosaceae) 
This is a thorny species found on bottom land and near areas subject to flooding in the 
Sudanian or Sahelo-Sudanian zone. It sometimes forms sizeable populations near villages. The 
young leaves have an excellent feed value at the end of the dry season. The pods are fed to 
sheep early in the dry season. The foliage is utilized by lopping. 
Tamarindus indica L. (Caesalpiniaceae) 
The tamarind tree is common near villages where it is protected for its edible fruit. In the bush it 
prefers to grow on disused termite mounds. The foliage is sometimes cut and fed to grazing 
animals. It is an excellent feed, but is only moderately palatable (0.87 FU and 69 g of DCP). 
2.3 common browse species of the savanna 
Pterocarpus erinaceus Poir. (Fabaceae), Common name: vene, Senegal jacaranda. 
This is one of the best browse trees of the Sudanian and Sudano-Guinean zones. It is common 
in the West African savanna specially near valleys or on scree, but it is rarely abundant except 
in the wettest areas. It is well known to foresters owing to the high quality of its wood. Foliation 
occurs at the height of the dry season. The foliage, especially when young, is very palatable to 
cattle. As the trunk is erect the herdsmen have to climb up it and cut the branches to feed their 
herds. Cut branches are sometimes bundled for sale at market. Pods which fall to the ground 
are probably also consumed. The leaves have an excellent feed value. 
Table 3 
  DM FU DCP 
Young leaves (February) 28% 0.65 135 g 
Afielia africana Sm. ex Pers. (Caesalpiniaceae) 
Common name: Lingue 
This species is found in most woodland savannas and is locally common, especially on gravelly 
soils. It may grow to a large size and is known by foresters for the quality of its wood. Foliation 
occurs around February. The young leaves are enjoyed by cattle, although they are less 
appreciated than those of Pterocarpus erinaceus. Herdsman utilize the browse potential by 
cutting the branches for their animals. Chemical analysis shows the browse to have an excellent 
feed value. 
Table 4 
  DM Cellulose FU DCP 
Young leaves (February) 30% 31% 0.42 95 kg. 
Acacia seyal (Mimosaceae) 
This is a small prickly species of the Sahel, found only in the Sudanian zone and in the driest 
areas, on clayey soils. Its foliage and pods are much sought after by small ruminants. It is the 
favourite tree of herdsmen, and specially goatherds, who cannot resist lopping its branches, 
sometimes excessively, at the beginning or end of the dry season when the new leaves emerge. 
There is no stump growth and the tree withstands poorly lopping of over a third of the crown. 
The feed value of the leaves and pods is excellent. 
Table 5 
  FU DCP 
Green leaves 0.85 120 
Pods 0,64 140 
Balanites aegyptiaca (L.) Del. (Zygophyllaceae) 
This Sahel species is occasionally common in the northern Sudanian zone, on dry sites, but 
does not penetrate into the wooded savanna. It has considerable feed value on account of the 
browse quality of its leaves, its persistent foliage and its resistance to lopping and cutting. 
Animals are conducive to the dissemination of this species, the abundance of which is often an 
indication of intensive grazing. Its thorns make it more suitable for small ruminants than for 
cattle. 
2.4 Species which are much browsed but scarce or only locally common 
Feretia apodanthera Del. (Rubiaceae) 
This small tree is found in Sudanian and Sahelo-Sudanian savanna areas, where it prefers 
disused termite mounds or the edge of swampland. The leaves and young branches are highly 
palatable for all species of animal. 
Combretum aculeatum Vent. (Combretaceae) 
This Sahelian and Sahelo-Sudanian variety is highly sought after by animals, which consume 
the leaves, flowers and young shoots. The browse provided is very rich in protein. Stocks 
withstand repeated browsing. 
Oxytenanthera abyssinica (A. Rich.) Munro (Peaceae) 
This member of the bamboo family has green leaves and produces young shoots which are 
highly palatable, but are left untouched when dry. Overutilization tends to eliminate it. 
Lonchocarpus laxiflorus Guill. and Perr. (Fabaceae) 
This small tree is not common in the savanna, but its foliage is greatly appreciated by animals 
and its feed value approaches that of Pterocarpus erinaceus. 
 
Ossenia kirkii Seeman, or C. harteri Seem. (Araliaceae)  
The leaves of this shrub are very palatable in some areas. 
Bombax costatum Pell. and Vuill. (Bombacaceae) 
This northern Sudanian tree flowers in January, when its leaves have fallen. The flowers fall to 
the ground and are eaten by animals, but the quantity of flowers produced is not high and they 
are poor in nitrogen. 
Hymenocardia acida Tul. (Euphorbiaceae) 
This small tree found in humid savanna provides a palatable foliage with good feed value. 
Stereospermum kunthianum Cham. (Bignoniaceae) 
This Sudanian species is found on bottom land in the Sahel, but it is rarely abundant. The 
palatability of the foliage is differently assessed by different authors. The browse is not very rich 
in nitrogen. 
Celtis integrifolia Lam. (Ulmaceae) 
This tree, found in damp sites, grows as far north as the Sahel. It is protected on account of its 
feed value. Its foliage is consumed by animals. 
2.5 Common species which are unpalatable 
Anogeissus leiocarpus (DC.) Guil.. and Perr. (Combretaceae)  
This large tree is frequent in Sudano-Sahelian savanna and on lateritic soils of the southern 
Sudanian zone. It is without leaves for most of the dry season. The young leaves, which appear 
before the rains, are often distributed to sheep and goats, especially in dry areas. 
Prosopis africana (Guill. and Perr.) Taub. (Mimosaceae) 
This is common in some Sudanian savanna areas, where it is protected by the local inhabitants 
on account of its hard wood. It is not found anywhere else. Its young leaves and pods may 
occasionally appeal to livestock. 
Piliostigma reticulatum (DC.) Hochst. and Piliostigma thonningii (Sch.) Milne Redhead 
(Caesalpiniaceae) 
These two shrubs, one Sahelian and Sahelo-Sudanian and the other Sudanian, produce large 
pods which are consumed in small quantities by livestock. Crushing the pods is thought to 
facilitate ingestion. 
Table 6 
P. 
reticulatum 
Whole pod FU/kg of DM     0.72 
    DCP 55-67g/kg 
P. 
thonningii 
Pods (March) UF/kg de DM     0.56 
    MAD 30 g/kg 
The leaves are also browsed, but in small quantities. 
Gardenia erubescens, Stapf and Hutc., G. aqualla, Stapf and Hutch., G. ternifolia, Sch. 
and Thorn. (Rubiaceae) 
These shrubs are very common in savanna or in low-lying areas. The fruit of G. eruvescens is 
often consumed, but is poor in feed value. The leaves, which are present for part of the dry 
season, are palatable in small quantities. It has a mediocre feed value (0.56 FU and 35 g of 
DCP), but it is rich in phosphorus. 
Daniellia oliveri, Hutch. and Dalz. (Caesalpiniaceae) 
This tree is very frequent in savanna areas, especially after fallow periods. The young shoots 
are common in fields and on fallow land. Only the young shoots are occasionally found to be 
palatable, and they represent an excellent feed (0.80 FU and 100 g of DCP). 
Strychnos spinosa, Lam. (Leganiaceae) 
This shrub, frequent even on unfertile savanna, sheds its leaves after bush fires. Its young 
leaves emerge during the hot dry season and are highly palatable. The dry leaves are eaten on 
the ground by goats. The feed value of the young leaves is excellent (0.70 FU and 80 g of 
DCP). 
Acacia dudgeoni, Craib. ex Hall (Mimosaceae) 
This Sudanian shrub has a botanic resemblance to A. Senegal, a strictly Sahelian tree. The 
pods and young leaves are consumed by small ruminants, but do not represent a very large 
feed resource as they occur in natural formations. 
Mitragyna inermis, (Willd.) O. Ktze (Rubiaceae) 
This small tree is present in the Sahelian and Sudanian zones, but is found only in bottom land 
subject to temporary flooding. The foliage is consumed by small ruminants, especially in dry 
areas, and very infrequently by cattle. 
Butyrospermum paradexum, (Gaertn. F.) Hepper (Sapotaceae)  
The shea butter tree is protected by Sudanian crop farmers and sometimes forms parkland. 
However, its presence is not linked with animal production, owing to competition between plant 
and animal butter production. The leaves, whether green or dry, and the young shoots are 
sometimes consumed and have a good feed value. 
Acacia nilotica, (L.) Willd. ex DC. var. adansonii (Guill. and Pen.) O. Ktze (Mimosaceae) 
This tree is scarce in the savanna, since it is more usually a Sahelian variety. It is planted in 
villages for its pods, which are utilized in tanning. Leaves and pods are both palatable to goats. 
Dichrostachys cinerea, (L.) Wight and Ann. (Mimosaceae) 
This thorny shrub is not uncommon near villages in the Sudanian zone, or on the site of former 
villages where it can form dense thickets. The flowers and pods are palatable. 
Guiera senegalensis, Gmel. (Combretaceae) 
This shrub is rare in humid savannas, but is frequently found in the Sahelo-Sudanian area, 
especially on sandy soils. Its foliage is palatable in small quantities, especially for cattle. 
The list given above is not exhaustive and many other ligneous species could also be cited 
having a local interest or browsed intermittently. Other varieties deserve to be introduced and 
investigated owing to the feed value which they possess in other countries (e.g. Morus alba, 
Gleditschia triacanthos). 
3. Feed value of browse 
As far as the ecology of the Sudanian zone is concerned, little is known about the deciduous 
biomass produced each year by browse species. To give some indication of scale, the annual 
leaf production measured was around 0.7 t/ha of DM in open shrub savanna on the southern 
Ivory Coast (Bamto), while it was 1.7t/ in dense shrub savanna (César and Menaut). 
The part of this biomass which is actually consumed is low because the number of feed species 
represents only a small fraction of the ligneous flora and only a small amount is within reach of 
animals: utilization is usually direct, with the animals browsing the lower leaves and shoots in 
addition to the fallen leaves and fruit. Sometimes the herdsman may intervene by cutting 
branches or beating down the pods. In high-altitude savanna in the Cameroon, Piot estimated 
the quantity of leaves open to utilization by livestock during the dry season at 30 to 120 kg/ha, 
and approximately double that amount wherever there is supplementary utilization by man. 
The main utilization period is the dry season when the need for browse feed is especially felt in 
areas where the grass cover is rich in annual Gramineae or too dry to produce regrowth, and 
where the bottom land which normally provides green grazing is absent or insufficiently 
productive. 
The feed value, calculated from the results of chemical analysis, has been given for some 
species. It should be pointed out that the maintenance requirements of a head of cattle weighing 
250 kg in the dry season are around 2.3 FU and 150 g of DCP. A kilo of dry feed consumed ad 
libitum has to provide 0.5 FU and 28 g of DCP merely in order to cover the maintenance needs 
of the animal. Dry grasses provide an energy ration which is hardly adequate and they are 
practically devoid of DCP. Browse plants provide a feed in which the chief quality is the high 
protein content. 
Calculating from Piot's example, the energy content of browse per hectare would amount to 10 
to 150 FU, while the protein value would be 2,500 to 20,000 g of DCP. Mineral and vitamin 
contents are other qualities which are very important in browse shrubs and trees, since they are 
imperative for balanced feeding. 
4. Utilization prospects for browse plants 
In the Sudanian zone the main constituent of livestock feeds is grass, which offers green matter 
over a long period. Supplementary feeding derived from browse plants is therefore subsidiary, 
but at certain seasons it becomes essential, especially in the driest areas or if production is to 
be maintained throughout the year (meat, milk and work). 
Transhumance is practised by ethnic groups of nomadic herdsmen and it involves large herds. 
Transhumant migration patterns follow the season, leading the animals first out into the bush, 
remote from areas of human occupation, and then into areas close to arable farmland and even 
on to the fields themselves after the harvest. The herdsmen also have to take into account local 
health conditions, including the presence of tsetse fly and ticks, and the duration of water 
availability at water points. 
Table 7:Foliage with a high mineral content 
Calcium over 1% Phosphphorus (over 0.3)% Magnesium (over 0.5)% 
Acacia spp Combretum aculeatum Balanites aegyptiaca 
Adansonia digitata Gardenia embescens Daniellia oliveri 
Anogeissus leiocarpus Guiera senegalensis Gardenia erubescens 
Balanites aegptiaca   Prosopis chilensis 
Khaya senegalensis     
Prosopis chilenis     
Stereospermum 
kunthianum 
    
This production method will continue to utilize natural resources at minimum cost. Livestock 
development schemes aim to improve nomadic utilization of non-cultivated species by 
introducing water points, intensifying veterinary support and by introducing, or where possible, 
improving, grazing management. Rangeland planners are prevented from planting trees in the 
bush owing to the cost and they have to rely on existing resources. 
Bush clearance in humid zone savanna encourages the recovery of grassland and increases 
herbage production. It will tend to eliminate species which are thought to be aggressive invaders 
on account of their considerable dissemination and encroachment capacities. It will also 
preserve browse species. 
In drier areas, the rangeland will be protected from bush clearance for cultivation purposes, in 
order to preserve the rich variety of flora found on natural savannas. Fallow land is 
characterized by impoverished ligneous flora and is often of little interest to herdsmen. Bush 
clearance eliminated most browse species without discriminating in favour of animal production 
and reduces foliage and fruit production for a numer of years. Herdsmen must learn to utilize 
browse plants by practising lopping in moderation, in most cases not exceeding one quarter or 
one third of the crown. 
Smallholder production, primarily based on animal traction, is carried out around villages and on 
cultivated land (from crop residues and fallow). Supplementary feed purchases are sometimes 
distributed to the animals. 
Browse must be considered one of the most important and cheap feed resources. The 
combination of crop and animal production is likely to resuscitate the traditional African system 
of parkland in a new form. A few stocks of the most useful species for livestock production are 
now protected from bush clearance. The planting of browse trees in villages, beside fields, in 
compounds, along tracks and paths will be made easier. Former parkland will be restored, while 
more parkland might also be established. The most promising local or exotic species will be 
drilled or planted. 
On Sudanian finishing ranches browse plants will provide a supplementary source of protein. 
Although grazing land is cleared of some ligneous plants, the browse species will preferably be 
preserved and utilized for lopping. The grassland can be enriched by introducing bushy varieties 
such as Leucaena leucocephala, from which the animals will browse the leaves directly. 
5. Conclusion 
Throughout the Sudanian climate zone where, for several weeks, the grass cover is completely 
dry and unproductive, including forage legumes, many browse plants are in full leaf and remain 
the only green vegetation. It is wholly logical to think in terms of utilizing the species with the 
best feed value from amongst these browse plants. 
The main local species useful for animal production have been listed. For many of these plants 
forestry experts have already assembled detailed knowledge on their ecological requirements, 
possible propagation methods and growth. However, until now the efficient utilization of these 
feed resources, the utilization method which takes best account of the biology of the species 
concerned, the annual biomass available for use and the quantities ingested by animals, are all 
factors which have been little understood. The gaps in existing knowledge limit the promotion of 
browse plants. 
Organizations involved in research on animal production in the tropics should plan research 
programmes on these questions. They should augment the volume of work already carried out 
by forestry experts in the search for exotic species with a high forage value for introduction. 
However, for the time being those involved in livestock production or working on development 
schemes, as well as the villagers themselves, should become aware of the fact that animal 
production in the Sudanian zone can make good use of trees. 
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Some browse plants of Ethiopia** 
H.N. Le Houérou And M. Corra 
International Livestock Centre for Africa, Addis Ababa 
1. General remarks 
Ethiopia, with natural grazing land estimated to amount to 69 million hectares (excluding 
fallows), is the country with the largest number of livestock in Africa (approximately 30 million 
cattle) (see Table 2). Traditionally, 5 major bioclimatic zones are identified according to altitude, 
climate and the production system of the population. 
Table 1. Main ecological zones of Ethiopia 
Zones Altitude (m) Average 
annual 
temperature 
Average annual 
rainfall Production system 
Bereha below 1500 Over 26°C Below 300 mm Nomadism 
Kolla 1500 to 1800 26°C 300 to 700 mm Nomadic and 
semi-nomadic 
production 
Woina-Dega 1800 to 2400 22°C 700 to 1000 mm Mixed sedentary 
production 
Dega 2400 to 3500 16°C 1000 to1200 
mm 
Mixed sedentary 
production 
Worech Over 3500 12°C 1200 to1500 
mm 
Extensive grazing 
Table 2. Number of livestock in Ethiopia (1950–1976) in 103 
Species 1950 1974 1975 1976 Variation (%) 
Cattle 18 900 26 926 25 879 25 963 + 37.4 
Sheep   9 559 23 459 23 978 23 065 +141.3 
Goats   9 692 17 646 17 232 17 064 + 76.1 
Horses   5 213   6 735   6 750   6 780 + 30.0 
Camels     855      970      950      960 + 12.3 
Total 44 219 75 736 70 979 70 912 + 60.4 
While the fertile and overpopulated highlands are occupied by sedentary crop and livestock 
producers, the lowlands, which are often unsuitable for crop production, are sparsely populated 
by nomadic or semi-nomadic herdsmen. Altitude varies from –200 m to +4600m and is the 
determining factor in the distribution of the various plant formations and the flora of which they 
consist. 
2. Introduction 
The natural grazings of Ethiopia did not escape the drought of 1971–74 which also struck the 
countries of the Sahel. The result has been to produce a real disequilibrium in the agropastoral 
ecosystems. A high percentage of livestock was lost and the natural grazings became more or 
less severely degraded. The current need is for systematic reafforestation of both the highlands 
and the lowlands, as well as improved management of grazing. 
Species (Families) Altitude Plant 
formation 
Bioclimatic 
zone 
Palat. Parts 
consumed 
An. sp. 
Abutilon figarianum (Malvaceae) 800–
1700 
13 UA-USA P L CAM 
Acacia abyssinica (Mimosoideae) 200–
2300 
1 LSH-USH P L,FR CAT, SH 
Acacia asak (Mimosoideae) 900–
1500 
4, 5 UA-LSA P L,FR CAT, GO, CAM 
Acacia brevispica (Mimosoideae) 1300–
1700 
3 LSA-USA P L,FR GO 
Acacia bussei 1300–
1600 
7 LSA-USA P L CAT, SH, GO 
Acacia drepanolobium 1300–
1600 
4 LSA-USA UP     
Acacia edgworthii 1000-
1200 
6 USA-LSA HP L GO 
Acacia etbaica 1300–
2100 
2, 3, 4 LSA-USH P L,FR CAT, SH 
Acacia mellifera 600–
1600 
9 MA-USA P L,Br GO, CAM 
Acacia negrii 2000–
2300 
1 LSH-USH       
Acacia nilotica subsp. Kraussiana 1500–
2000 
2, 3, 4 USA-LSH P L,Br CAT, SH, GO 
Acacia nubica 600–
1600 
10 MA-USA P L GO, CAM 
Acacia oliveri 600– 
900 
11 MA-UA P L GO, CAM 
Acacia Senegal 900–
1600 
3 UA-USA P L GO, CAM 
Acacia seyal var. seyal 1400–
2100 
2, 4 USA-USH P L,Br CAT, SH, GO 
Acacia seyal var. fistula 1300–
1600 
4 LSA-USA P L,Br CAT, SH, GO 
Acacia tortilis subsp. Spirocarpa 900–
1500 
4, 5 UA-USA HP L,Br,FR CAT, SH, GO 
Acacia tortilis subsp. tortilis 600–900 4 MA-UA HP L,Br,FR CAT, SH, GO 
  
Balanites aegyptiaca 
(Zygophylaceae) 
900–
1800 
4 UA-LSH P L,Br CAT, SH, GO 
Balanites glabra 1500–
2200 
2, 4 USA-USH P L,Br CAT, SH, GO 
Balanites orbicularis 900–
1000 
4 UA-LSA P L GO 
Boscia angustifolia (Capparaceae) 1200–
1800 
3, 5 LSA-LSH P L CAT, SH, GO 
Boscia coriacea 600–
1100 
10, 11 MA-LSA P L GO, CAM 
Boscia minimifolia 1300–
1600 
6 LSA-USA HP L,Br CAT, SH, GO 
  
Cadaba farinosa (Capparaceae) 1300–
1700 
2 LSA-USA P L,Br CAT, SH, GO 
Cadaba glandulosa 600– 
900 
10, 11 MA-UA P L GO 
Cadaba heterotricha 900–
1100 
11, 13 UA-USA P L CAM 
Cadaba rotundifolia 600– 
900 
4 MA-UA P L GO 
Canthium bogoensis (Rubiaceae) 1700–
1900 
2 LSH-USG HP L,Br CAT, SH, GO 
Canthium schimperianum 1700–
1900 
2 LSH-USH P L,Br CAT, SH, GO 
Canthium setiflorum 1600–
1800 
2 LSH-USA P L,Br CAT, SH, GO 
Capparls decidua (Capparaceae) 900–
1700 
3, 4 UA-USA P L CAT, SH, GO 
Capparis tomentosa 900–
1700 
3, 4 UA-USA P L GO 
Carissa edulis (Apocynaceae) 1200–
1700 
1, 2 LSA-USA UP     
Carissa schimperi 1200–
1700 
1, 2 LSA-USA P L,Br CAT, SH, GO 
Celtis africana 1700–
2300 
1,2 USA-USH P L CAT, SH 
Colutea istria (Papilionaceae) 2000–
2200 
1 LSH-USH P L,Br CAT, SH 
Combretum aculeatum 
(Combretaceae) 
1700–
2000 
2, 4 USA-LSH P L CAT, SH 
Commiphora 
africana (Burseraceae) 
1200–
1400 
3,4 LSA-USA P L CAT, SH, GO 
Commiphora crenulata 700– 4 MA-UA P L CAT, SH, GO 
900 
Commiphora erythreaea 1200–
1400 
9 LSA-USA P L CAT, SH, GO 
Commiphora playfairii 700– 
900 
9 MA-UA P L CAT, SH, GO 
Commiphora schimperi 1200–
1400 
3 LSA-USA P L CAT, SH, GO 
Cordia sinensis (Borraginaceae) 900–
1300 
13 UA-LSA HP L,Br CAT, SH, GO 
  
Dichrostachys 
cinerea (Mimosoidea) 
900–
1800 
3 UA-LSH P L,Br CAT, GO 
Dobera glabre (Salvadoraceae) 900–
1200 
5 UA-LSA P L CAM 
  
Faidherbia albida (Mimosoideae) 1500–
2000 
2 USA-LSH HP L,Br,FR CAT, SH, GO 
Ficus salicifolia (Moraceae) 1700–
2200 
2, 3 USA-USH UP     
Ficus sycomorus 1700–
2200 
2, 3 USA-USH UP     
Ficus thonningii 1700–
2000 
2, 3 USA-USH P L   
  
Grewia bicolor (Tiliaceae) 1100–
1700 
2, 3 LSA-USA P L CAT, SH GO 
Grewia erythraea 1200–
1800 
3 LSA-LSH P L,Br CAT, GO 
Grewia mollis 900–
1900 
2, 3 UA-LSH P L CAT, SH 
Grewia pennicillata 1000–
1200 
3 UA-LSA P L,Br CAT, SH, GO 
Grewia schweinfurthii 1300–
1700 
3 LSA-USA P L SH, GO 
Greqia tenax 600–
1300 
3 LA-LSA UP L,FR GO, CAM 
Grewia villosa 700–
2000 
3, 4, 5 MA-LSH UP L,Br CAT, SH, G0, CAM 
  
Maytenus cymosa (Celastraceae) 1900–
2200 
2 LSH-USH P L CAT, SH 
Maytenus senegalensis 1900–
2200 
2 LSH-USH UP     
Ochnea inermis (Ochnaceae) 1500–
1800 
3 USA-LSH P L CAT 
Olea africana (Oleaceae) 1500–
2200 
1, 2 USA-USH LP L CAT, SH 
Ormocarpus trachycarpum 
(Papilionaceae) 
1600–
2100 
3 USA-USH HP L,Br,FR CAT, SH 
Ozoroa insegins (Anacardiaceae) 1400–
1900 
3 USA-LSH UP     
  
Pterolobium 
stellatum(Caesalpiniaceae) 
1700–
2200 
2, 5 USA-USH P L CAT, GO 
Rhus glutinosa (Anacardiaceae) 1700–
2000 
3 USA-LSH UP     
Rhus natalensis 1300–
2200 
3 LSA-USH P L CAT 
Rhus quartiniana 1700–
2000 
3 USA-LSH UP     
Rhus retinnorrhoea 1700–
2000 
3 USA-LSH P L CAT 
Rhus vulgaris (Anacardiaceae) 1700–
2200 
2 USA-USH P L CAT 
  
Salvadora persica (Salvadoraceae) 900–
1600 
6, 10 UA-USA HP L,Br GO, CAM, CAT 
Securinega virosa (Euphorbiaceae) 2000–
2300 
1, 2 LSH-USH UP     
Seddera 
bagshawei (Convolvulaceae) 
1200–
1300 
8, 11 LSA HP L,Br G0, CAM 
Seddera latifolia 900–
1300 
8, 11 UA-LSA P L GO, CAM 
Sida cuneifolia (Malvaceae) 1600–
2400 
  USA-LH HP L,Br GO, CAM 
Sideroxylon 
oxycantha (Sapotaceae) 
1700–
2300 
1, 2 LSA-USH P L,Br CAT, SH, GO 
  
Tamarindus 
indica (Cesalpiniaceae) 
1200–
1800 
2 LSA-LSH HP L,Br,FR CAT, SH, GO 
Terminalia brownii (Combretaceae) 1400–
1900 
3 USA-LSH P L,FR CAT, GO 
  
Vernonia cineranescens 
(Compositeae) 
900–
1800 
5 UA-LSH HP L,Br SH, GO 
  
Ximenia amedcana (Olacaceae) 1400–
1800 
3 USA-LSH UP     
  
Ziziphus mauritiana (Rhamnaceae) 1400– 4 UA-USA P L, Br, FR CAT,SH,GO 
This need forces us to give more detailed consideration to browse plants, since these species, 
in addition to their sizeable contribution to animal feeds, not only protect and improve the soil, 
but also provide fuel and supply the raw material for family utensils, building huts, and for 
medicines. 
In the present study we have briefly described the plant formations which make up the extensive 
rangelands of Jijiga and northeast Ethiopia, for which the most important browse species are 
given. Table 3 shows observations relating to 82 browse species. Finally we have put forward 
suggestions for the introduction or extension of browse species in order to improve rangeland, 
both in the subhumid, the arid and semiarid zones. 
Table 3. Some browse plants of Ethiopia 
Captions to table 3 
First column 
The species are listed in alphabetical order, with the family to which they belong in brackets. 
Second column 
The limits in altitude at which each species is found in the surveyed areas, although no claim is 
made to show the altitude limits for the country as a whole. 
Third column 
Various plant formations as described in the text (chapter 3): 
1. Evergreen open woodland with Juniperus procera 
2. Mixed evergreen and deciduous open woodland 
3. Mesophyllic decidous open woodland 
4. Open woodland with Acacia etbaica 
5. Open woodland with Acacia asak 
6. Open woodland with Acacia bussei 
7. Frutescent formations with Acacia bussei 
8. Frutescent formations with Acacia sénégal and Commiphora spp. 
9. Frutescent formations with Acacia mellifera 
10. Frutescent formations with Acacia nubica 
11. Frutescent formations with Acacia oliveri and Acacia ehrenbergiana 
12. Medium height grassland with Chrysopogon plumulosus and Andropogon greenwayii 
13. Medium height grassland with Crysopogon plumulosus 
14. Low grassland with Cynodon dactylon and Cynodon nlemfluensis 
Fourth column 
Bioclimatic zones 
a) D = Desert P < 100 mm 
b) The arid zone: 100 < P < 400 mm 
1799 
Ziziphus mucronata 1000–
1700 
4 UA-USA P L, Br, FR CAT,SH,GO 
Ziziphus spina-ghristi 900–
1700 
4 UA-USA P L, Br, FR CAT,SH,GO 
     LA = lower arid: 100 < P < 200 mm 
     MA = medium arid: 200 < P < 300 mm 
     UA = upper arid: 300 < P < 400 mm 
c) Semi-arid zone: 400 < P < 600 mm 
     LSA = Lower semi-arid: 400 < P < 500 mm 
     USA = Upper semi-arid: 500 < P < 600 rnm 
d) Subhumid zone: 600 < P < 800 mm 
     LSH = lower subhumid: 600 < P < 700 mm 
     USH = upper subhumid: 700 < P < 800 mm 
e) Humid zone: 800 < P < 1200 mm 
    LH = lower humid: 800 < < 1000 mm 
    UH = upper humid: 1000 < P < 1200 mm 
f) Hyper-humid zone 
    HH with P > 1200 mm 
Fifth column 
Palatability 
1. Highly palatable = HP 
2. Palatable = P 
3. Less palatable = LP 
4. Unpalatable = UP 
5. Toxic TO 
Sixth column 
Parts consumed 
L = leaf 
FR = fruit 
YB = Young branches 
B = Bark 
Seventh column 
Animal species 
CAT = cattle 
SH = sheep 
GO = goats 
CAM = camels 
It should be noted that in Ethiopia much remains to be done as regards browse plants, not only 
in terms of research and experimentation but also in connection with the introduction of new 
species, their propagation and their utilization by livestock. 
3. The plant formations 
The plant formations described make up the extensive rangelands of south-eastern Ethiopia, 
and particularly the north of the Ogaden in the Jijiga area, and also the rangelands of the 
northeastern region, northeast of Dessie in the Afar country (Danakil Desert). 
The Jijiga rangelands, which lie between 7°52'–9°55' latitude North and 12°05' – 44°25' 
longitude East, form part of the vast Harar-Ogaden plateau east of the Ethiopian Rift Valley. 
They cover 35,000 km2. The higher part of the plateau (> 1500 m) is inhabited by the Oromo or 
Galla people, who are sedentary mixed farmers, while the lowlands (> 1500 m) are the domain 
of the Somali nomads, semi-nomads, or trans-humants peoples. 
The northeastern rangelands are found between 11°00'–12° 15' latitude north and 40°00'–
41°00' longitude east, in the province of Wollo. They cover 75,000 km2, of which 12,000 
km2 constitute the zone studied here. The Oromo sedentary mixed farmers live in the highlands 
and the Afar nomads inhabit the lowlands. 
Passing from high altitude to low altitude, the following different plant formations are noted: 
3.1 Evergreen open woodland with Juniperus procera 
This multi-strata formation is found at altitudes between 2000 and 2200 m, in the upper 
subhumid zone, on limestone hardpan. Rainfall varies between 800 and 1200 mm. 
The characteristic tree and shrub species are: Juniperus procera, Olea chrysophylla, 
Sideroxylon oxyacantha, Ficus thonningii, Acacia negrii, Entada abyssinica, Myrsine africana, 
Dombeya burgessiae, Dodonea viscosa, Euclea schimperi, Carissa edulis, Premna schimperi, 
Heteromorpha trifoliata, Colutea istria, Pterolobium stellatum, Calpurnia aurea, Acacia 
abyssinica, A. negrii, Barbeya oleoides. 
The grassland is dominated by a number of Graminae: 
Hyparrhenia pseudocymbaria, H. hirta, H. dregeana, H. rufa. As well as other species, such 
as: Andropogon greenwayii, Chloris pycnothrix, Crotalaria spinosa, Rhynchosia erythreae, 
Exotheca abyssinica, Tephorosia interrupta, Gnidia somalensis. 
3.2 Mixed evergreen and deciduous open woodland 
This formation, which has several ill-defined strata, differs from the previous one owing to the 
absence of Juniperus procera and a few other species such as Dombeya burgessiae, Acacia 
negrii, Ficus thonningii, as well as the presence of Acacia seyal var. seyal, Acacia 
etbaica and Acacia nilotica subsp. kraussiana on soils derived from limestone. 
The characteristic species are: Olea chrysophylla, Carissa edulis, Dodonea viscosa, Euclea 
schimperi, Osyris abyssinica, Acacia etbaica, Acacia seyal var. seyal, Acacia 
nilotica subsp. kraussiana, Cussonia holstii, Pistaela falcata. 
We also noted: Enneapogon schimperianus, Heteropogon contortus, Aristida adscensionis, 
Blepharis procera, Cadia purpurea, Hyparrhenia hirta. 
Mixed evergreen and deciduous open woodlands are frequently found in the lower subhumid 
zone, at altitudes between 1700 and 2000 m on rendzina, limestone hardpan and soils derived 
from basalt. 
3.3 Mesophyllic deciduous open woodland 
This is a multi-strata formation primarily consisting of tree and shrub species with large 
deciduous leaves. Frequently it covers soils which have undergone little evolution and consists 
of granite, gneiss and schist, lying between 1500 and 1900m, both in the lower subhumid and 
the upper semi-arid zones. 
The following are found: Combretum molle, Terminalia brownii, Dichrostachys cinerea, Acacia 
brevispica, Rhus natalensis, Ozorea insignis, Sterculia rhyncocarpa, Ormocarpum 
Trachycarpum, Canthium bogoensis, Canthium setiflorum, Grewia schweinfurthii, Grewia tenax, 
Croton dichogamus, Pappea capensis, Carissa schimperi. 
The grass stratum, which has a very low cover and is very little developed, consists 
of: Heteropogon contortus, Chrysopogon plumulosus, Aristida adscensionis, Harpachne 
schimperi, Enneapogon desvauxii. 
3.4 Open woodland with Acacia etbaica 
This plant formation covers small areas of the Jijiga rangelands at 1500–1800 m, and is thus 
found in the upper semi-arid zone, which is often seriously degraded. Open woodland 
with Acacia etbaica,is strictly speaking a multi-strata formation which was found both on the 
Jijiga plain on various limestone soils (with crusts) and on vertisols on the Togo-Wouchale plain. 
It consists of shrub and tree species as follows: Acacia etbaica, Acacia 
nilotica subsp. kraussiana, Balanites glabra, Commiphora africana, Euphorbia grandis, Acacia 
seyal var. seyal Ziziphus mauritiana, Barleria hildebrandtii, Acacia senegal, Grewia villosa; 
and other species such as: Andropogon greenwayii, Chrysopogon plumulosus, Cenchrus 
ciliaris, Aristida adscensionis, Gomphocarpus fruticosus, Flaveria australasica, Solanum 
incanum, Kalanchoë marmorata. 
The plant formation covering the major part of the Jijiga plains is medium-height grassland 
with Chrysopogon plumulosus and Andropogon greenwayii. This formation results from the 
degradation of open woodland with Acacia etbaica, under the combined influence of man 
(crops, wood and charcoal), his animals and severe runoff erosion, producing a patchy cover of 
vegetation arcs with A. greenwayii. The medium height grassland with Chrysopogon 
plumnlosus and A. Greenwayii consists of 2 distinct bands often separated by patches of bare 
soil 5 to 10 m across. The first unit consists of the combination of Chrysopogon 
plumulosus and Andropogon greenwayii, which covers the soil thoroughly, while the second one 
is largely dominated by Eragrostis barrelerii and has a negligible soil cover. 
In this medium-height grassland the following shrubs are found, at very infrequent 
intervals: Acacia etbaica, Acacia nilotica subsp. kraussiana, Balanites glabra, 
Zizphus mauritiana, Ziziphus mucronata, Acacia tortilis subsp. spirocarpa. These shrubs, which 
are browsed substantially in this formation, are rarely over 50 cm high. 
Cultivated and fallow land contain the following species: Tagetes minuta, Leucas martinicensis, 
Solanum nigrum, Crotalaria spinosa, Cynodon dactylon, Brucastrum arabicum. 
3.5 Open woodland with Acacia asak 
This formation covers a fairly wide area of extensive rangeland in northeastern Ethiopia, and is 
found in the lower semiarid zone, on volcanic outcrops and coarse soils. 
The main species in this formation are: Acacia asak, Acacia etbaica, Berchemia 
discolor, Dobera glabra, Boscia angustifolia, Cadaba rotundifolia, Boscia coriacea, Acacia 
mellifera, Capparis decidua, Acacia senegal. 
Shrubs and grasses are also found: Vernonia cineranescens, Grewia bicolor, Grewia tenax, 
Dicrostachys cinerea, Svensonia laeta, Abutilon fruticosum, Chrysopogon plumulosus, 
Enteropogon rupestris, Chlorfs roxburgiana, Aristida adscensionis, Dichanthium radicans, 
Tetrapogon cenchrifomis. 
3.6 Open woodland with Acacia bussei 
This formation is extensively present in the Shebelle valley, on red sandy loam soils with a 
varying limestone content, in the lower semi-arid zone. It is highly degraded. It should be noted 
that large numbers of dead Acacia bussei were frequently seen covering large areas, caused by 
the considerable surface sealing of the soil. 
Associated with Acacia bussei are found the following ligneous species: Acacia nubica, Acacia 
senegal, Acacia brevispica, Balanites glabra, Dicrostachs cinerea, Grewia villosa, Acacia 
tortilis, subsp.spirocarpa, Acacia seyal var. seyal. Tragus racemosus is the commonest grass 
and is abundant in places. 
Also found are: Chlorls pycnothrix, Tragus berteronianus, Enneapogon desvauxii, Hibiscus 
calyphyllus, Leucas martinicensis, Tagetes minuta. 
At the lower altitudes Acacia bussei is often associated with Andropogon kelleri. This other 
formation, found in the upper arid zone on limestone hardpan with brown-red sandy loam or 
loamy sand soils, consists of the following species: Boscia minimifolia, Acacia 
horrida,subs. benadirensis, Acacia edgworthii, Balanites glabra. And grasses such 
as: Stipagrostis uniplumis, Leptothrium senegalensis, Entoropogon rupestris. 
Fruit-bearing shrubs, found equally in the extensive rangelands of Jijiga and of northeastern 
Ethiopia, are found in formations consisting primarily of ligneous phanerophytes, the height of 
which lies between 1 and 6 m. These bushy formations cover rocky outcrops, coarse soils and 
deep clays with a sandy alluvial content. Often the favourite haunt of goats and camels, these 
formations frequently consist of impenetrable thickets. 
The distribution of these formations as a function of altitude, which varies between 1200 and 
600 m, and the most abundant species, usually an Acacia, allowed us to identify the following 
subtypes: 
3.7 Frutescent formations with Acacia bussei 
This is a bushy formation found on gneiss outcrops on the extensive Jijiga rangelands at 
altitudes between 1600 and 1400 m, in the upper semi-arid zone. With Acacia bussei are 
found: Acacia senegal, Acacia brevispica, Acacia nubica, Balanites glabra, Dichrostachys 
cinerea, Grewia schweinfurthii, Ziziphus mucronata, Commiphora africana, Grewia villosa. And 
other species such as:Cenchrus ciliaris, Eragrostis papposa, Aristida adscensionis, Brochloa 
panicoides, Tragus racemosus, Tagetes minuta, Pegoletta senegalensis, Achyranthes aspera, 
Cassia italica, Lycium shawii. 
3.8 Frutescent formations with Acacia senegal and Commiphora spp. 
This is a bushy formation with a shrub stratum dominated by Acacia senegal. It is often found on 
soils with good drainage between 1200 and 900 m, in both the lower semi-arid and upper arid 
zones. 
The following tree species were identified, often far apart and few in number: Dobera glabra, 
Acacia tortilis subsp. spirocarpa, Boscia coriacea, Demonix elata, Balanites glabra, Balanites 
aegyptiaca, Balanites orbicularis, Boscia angustifolia. 
These species are associated with: Acacia senegal Vernonia cinerascens, Sericocomopsis 
pallida, Commiphora sp., Grewia erythreae, Acacia nubica, Grewia villosa. 
The sparse grass stratum consist of: Chrysopogou plumulosus Dactyloctenium, scindicum, 
Tetrapogon cenchriformis, Tetrapogon tenellus, Seddera latifolia, Abutilon fruticosum, Tribulus 
terrestris, Cassia italica, Aerva javanica. 
3.9 Frutescent formations with Acacia mellifera 
This is a bushy formation found on coarse soils, but also on deep soils subject to seasonal 
flooding between 1050 and 900 m in the upper arid zone. It consists of many species common 
to the Acacia senegal frutescent formation. The grass cover is more dense on black, deep soils 
subject to seasonal flooding: 
The characteristic species are the following: Acacia mellifera, Dichrostachys cinerea, Grewia 
bicolor, Dobera glabra, Boscia coriacea, Cordia sinensis. 
Association with Chrysopogon plumulosus, Lintonia nutans is often found; other species are 
also found such as: Enteropogon rupestris, Coelachyrum poseflorum, Aristida adscensionis, 
Pavonia arabica, Puppalia lappacea, Satanocrater somalensis. 
3.10 Frutescent formations with Acacia nubica 
This a formation with a physiognomy identical to the two formations described above, is which 
many of the species are the same. It is found in the upper arid between 1000 and 900 m, on 
seasonally floooded deep soils with a sandy content. It may be noted that according to the 
herdsmen Acacia nubica is the species which has expanded most rapidly since the 1973 
drought. Although sought after by goats and camels this species is highly aggressive and now 
covers a large area, to the detriment of grassy formations with Chrysopogon plumuosus. 
3.11 Frutescent formations with Acacia oliveri and Acacia ehrenbergiana 
This bushy formation is usually found between 700 and 600 m on rocky outcrops. It covers a 
small area in the project zone of the northeastern rangelands, in the middle arid zone. The 
characteristic species are: 
Acacia ehrenbergiana, Acacia oliveri, Acacia tortilis subsp. tortilis, Commiphora sp., Boscica 
coriacea, Cabada rotundifolia Cabada glandulosa, Grewia tenax. 
The grass cover is dominated by: 
Chrysopogon plumulosus, Ischaemum afrum Jatropha lobata, Seddera latifolia Aerva javanica 
Senra incana. 
3.12 Medium height grassland with Chrysopogon plumulosus and 
Andropogon greenwayii 
This is a grassy formation covering a large area of the Jijiga plains, at altitudes between 1500 
and 1800 m, in the upper semi-arid zone. The medium height grassland has two distinct units, 
of alternatively dense and light plant cover (vegetation arcs) and bare soil, each strip being 5 to 
10 m across. Some ligneous species, few and far between and with a height of not over 50 cm, 
are occasionally present. 
The following were identified: 
Acacia etbaica, Acacia nilotica subsp. kraussiana, Acacia tortilis subsp. spirocarpa Ziziphus 
mauritania Ziziphus mucronata Balanites glabra. 
The densely covered strips are dominated by Andropogon greenwayii and/or Chrysopogon 
plumulosus, the almost bare strips are dominated by the small annual Eragrostis barrelieri. 
3.13 Medium height grassland with Chrysopogon plumulosus 
The vast plains which extend over the central and northern part of the northeast rangelands, 
which have heavy and deep soils which are seasonally damp to flooded, have grass formations 
which possess considerable potential for animal production. 
The most abundant grass, always present in these grassy formations, 
is Chrysopogon plumulosus. This perennial grass, with a height often reaching 80 cm when 
flowering occurs, is often associated with Lintonia nutans and Ischaemum afrum. 
Associated with species are found: Cordia sinesis, Rhynchosia malacophylla, Indigofera 
schimperi, Dichanthium radicans, Sporobolus ioclados, Cenchrus ciliaris, Asystasia schimperi, 
Ruellia patula, Jatropha lobata, Aristida adscensionis, Tetrapogon cenchriformis, Panicum 
coloratum. 
On the edges of bare patches are found: Abutilon figarianum, Tribulus terrestris, 
Pavonia sp., Aerva javanica. 
3.14 Low grassland with Cynodon dactylon and Cynodon nlemfluensis 
This formation covers a fairly wide area of vertisols subject to seasonal flooding in the Fafan 
valley of the Jijiga rangelands. The forage production of this formation is estimated at 5000–
6000 kg DM/ha/year. 
Together with Cynodon dactylon and Cynodon nlemfluensis the following species were 
identified: Elusine floccifolia, Eriochloa nubica, Cyperus alopecuroides, Panicum 
coloratum, Cyperus dives,Hibiscus cannabinus. 
4. Browse plants 
In this part of the report we have compiled a table showing the species identified and the 
observations made in the field with regard to the ligneous plants which serve as browse to a 
greater or lesser degree. 
5. Browse plants: research and experimentation 
In any rangeland improvement programme using browse plants, research must be carried out 
on indigenous species and the introduction and multiplication of known species must be 
planned. 
During the ecological studies carried out on the Jijiga range lands research was undertaken on 
the following species together with about fifty others: Atriplex nummularia, Atriplex 
halimus, Atriplex canescens, Acacia cyanophylla, Opuntia ficus indica var. inermis. 
The experiments were carried out on 2 ha at the experimental station belonging to the Ministry 
of Agriculture at Lemma Defa, 7 km east of Jijiga. Although definitive results were not obtained 
owing to the Somali-Ethiopian war, in 1977/78, Atriplex, Acacia cyanophylla, and Opuntia ficus 
indica var. inermis, gave highly encouraging initial results and might easily be used for 
improving rangeland in the Jijiga plain, at 1500 m altitude with a rainfall of 500 mm. 
As regards the indigenous species of the Jijiga and northeastern rangelands, research on their 
physiology, establishment and management should be carried out for the following ligneous 
varieties: Leguminosae: Acacia etbaica, Acacia edgworthii, Acacia tortilis subsp. spirocarpa, 
Acacia nilotica subsp. kraussiana, Ormocarpum trachycarpum, Colutea istria. 
Rubiaceae: Canthium bogoensis, Centhium setiflorum and Canthium schimperianum 
Capparaceae: Boscia minimifolia, Cadaba farinosa 
Salvadoraceae: Dobera glabra, Salvadora persica 
Convolvulaceae: Seddera bagashawei, Seddera latifolia 
Compositae: Veronica cinerascens 
6. Conclusion 
In Ethiopia as in the Sahel countries which suffered the 1971–74 drought, it now appears 
necessary to improve the rangeland through better management of browse plants. In any 
rangeland improvement programme using browse plants the necessary steps are to research 
indigenous species, and introduce and multiply those best adapted and known for their multiple 
utilization. 
The following species seem worthy of interest in Ethiopia: 
1.Faidherbia albida, and Acacia tortilis subsp. spirocarpa found in agropastoral systems of the 
Rift Valley above 1200 m and 500 mm rainfall. 
2.Opuntia frcus indica var. inermis, associated with those species of Atriplex and 
phyllodinious Acacia, and other species of the Mediterranean and subtropical zone, for altitudes 
varying from 100 to 2800 m. 
3.For the subhumid and semi-arid highlands, anti-erosion hedges could be grown between 
cultivated fields, using species such as Morus alba, Coronilla glauca and Medicago arborea. 
4.For the humid zones of western Ethiopia Leucaena leucocephala has been successfully 
introduced (Taylor, 1980). 
5.For the driest areas above 1200 m: Prosopsis juliflora and Parkinsonia aculeta. 
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1. Introduction 
The Guinean zone is characterized by a hot, humid climate and thick rain forest. The areas 
which can be utilized or traversed by livestock and small ruminants are either of anthropic origin, 
i.e. a substitution facies of the forest after clearance or maintained by burning, or else of 
edaphic origin, consisting of savanna enclaves on lithosols or poor substrates such as 
ferrugineous sands or hydromorphic surface soils. 
There are nevertheless two sectors which, for different reasons, stand out because they do not 
present the same conditions for introducing livestock production and, in the future, developing 
livestock production, whatever kind of production system and species is selected (cattle, sheep 
or goats). These sectors are as follows: 
1. A Guinean forest fringe sector, lying between the dense and the southern Sudanian 
zone (the southern Sudano-Guinean zone described by Aubreville). This zone is 
characterized by an active vegetation period of 7 to 10 months, including a short dry 
season between two periods of rain, and a long dry season where the browse value of 
ligneous plants becomes important. To this forest fringe should be added the Adamawa 
(Cameroon) and Fouta Djalon (Guinea) highlands of West Africa. The climate is of the 
Sudanian type with a rainy season of 7 to 8 months and a pronounced dry season of 4 to 
5 months. Browse plants play a very substantial part in the feed resources for livestock 
and small ruminants. The vegetation is a forest savanna mosaic in which plateau forests 
(except in Adamawa) and gallery forest are particularly important. The formations which 
can be used are shrubland or woodland savanna with density varying in accordance with 
the soil type and topography. 
2. A forest sector comprising the dense humid forests. The dry period is not over two 
consecutive months. The natural formations which can be used are derived savanna 
after cropping and edaphic savanna. In this environment the browse value of ligneous 
and subligneous plants varies according to the species raised. In cattle it is of minor 
importance and two observations may be made: 
a) from north to south the value of browse plants diminishes and the closer one moves 
towards the Guinean sector the more the animals refuse foliage; 
b) the value of browse is particularly pronounced in the case of zebus. Some interest is 
also shown by humpless breeds, but these are generally less willing to consume the 
leaves of trees. Humpless cattle are more numerous in this area. This difference in taste 
between humped and humpless breeds remains at the level of observation since it has 
never been studied. In sheep and goats many suffrutescent and subligneous species are 
still consumed in this zone, especially the secondary species, which may be anthropic in 
origin, found around the outskirts of villages. However, no systematic study has been 
undertaken, as far as the present author is aware. 
2. The palatable trees and shrubs 
2.1 Spontaneous browse and fruit species 
Studies and surveys are very scarce for the Guinean zone, except for the work of J. Piot in the 
Adamawa (Cameroon) on cattle. Furthermore, those available take the form of scattered notes 
and observations, since the subject has never been a priority and in fact ligneous species are 
considered as invaders on grassland and treated as such. 
a) Highly palatable species 
In the Adamawa (Cameroon), for zebus: 
Cussonia barteri, Seamann, Araliaceae, leaves 
Daniellia oliveri Hutch. et Dalz., Caesalpiniaceae, young leaves 
Ficus thonningii Blume, Moraceae, leaves 
Gardenia ternifolia, Schum. et Thonn., Rubiaceae, dry or green leaves 
Phyllanthus muellerianus, Exell., Euphorbiaceae, leaves 
Piliostigma thonningii, (Schum.) M. Readh., Papilionaceae, leaves and pods 
In Ivory Coast, for humpless breeds: 
Parinari curatellifolia Planch. ex Benth.Rosaceae, leaves and fruit 
to which should be added Daniellia oliveri as cited above. 
b) Palatable species 
In the Adamowa (Cameroon), for zebus: 
Bridelia ferruginea, Benth., Euphorbiaceae, leaves 
Bridelia ndelensis Beille, Euphorbiaceae, leaves 
Bridelia cf. speciosa Müll. Arg., Euphorbiaceae, leaves 
Canthium venosum Hiern., Rubiaceae, leaves 
Carissa edulis Vahl., Apocynaceae, leaves and young branches 
Erythrina sigmoidea Hua, Papilionaceae, leaves and young flowers 
Ficus glumosa Del, Moraceae, leaves 
Hymenocardia acida Tul., Euphobiaceae, leaves 
Lannea schimperi Engl. Anarcadiaceae, leaves and young flowers 
Lophira lanceolata Van Tieg. Ochnaceae, young leaves 
Mussaenda arcuata Lam. ex Poir., Rubiaceae, young leaves and flowers 
Pittosporum vidiorum Sims, Pittosporaceae, leaves 
Tricalysia okelensis Hiern, Rubiaceae, leaves 
Vitex doniana Sweet, Verbenaceae, young leaves 
Vitex madiensis Oliv., Verbenaceae, young leaves 
In Ivory Coast, for humpless breeds: 
Lophira lanceolata, as quoted above, young leaves 
Trema guineensis (Schum. et Thonn. Ficalho, Ulmaceae, leaves 
c) Unpalatable species 
These species should be mentioned, but their browse value is minimal since they belong to a 
category in which the whole plant may be consumed, but always in very small quantities. 
In Adamawa (Cameroon), for zebus: 
Acacia sieberiana var. villosa A. Chev., Mimosaceae, mainly leaves 
Albizia coriaria Welw. ex Oliv., Mimosaceae, mainly leaves 
Albizia zygia J.F. Macbr. Mimosaceae, mainly leaves 
Ficus ovata Vahl., Moraceae, mainly leaves 
Mussaenda erythrophylla Schum et Thorn., Rubiaceae, mainly leaves 
Psorospermum febrifugum Spach, Hyperieaceae, mainly leaves 
Psorospermum glberimum Hochr. Hyperiaeceae, mainly leaves 
Ternninalia macroptera Guill. et Perr., Combretaceae, mainly leaves 
Veronia amygdalina Del., Compositae, mainly leaves 
In Ivory Coast, with humpless breeds: 
No proper observations have been made on the subject. 
  
2.2 Cultivated and subspontaneous browse species: 
Albizia lebbeck, Mimosaceae, leaves 
Cassia siamea Lam., Caesalpinaceae, leaves   
Gossypium spp., Malvaceae, leaves 
Lawsonia inermis L. Lythraceae, leaves and young branches 
Mangifera indica L. Anacardiaceae, leaves and fruit 
Manihot spp., Euphorbiaceae, leaves and roots 
Moringa oleifera Lam. Moringaceae, leaves 
Morus spp., Moraceae, leaves 
This is not an exhaustive list and gives only the species most frequently cultivated or farmed. 
3. Feed value and production 
Research and experiments are few and far between in the Guinean zone, except for the 
regional study by J. Piot in the Adamawa. Although the results of the analyses are extrapolated 
from European norms, it is important to emphasize the remarkably high crude protein content in 
relation to other available feeds, especially grasses, during the dry season. Most palatable 
species have a content which is rarely lower than 10%, whereas standing grass crops during 
the same period are below 5%. This is extremely important, since it enables the introduction and 
propagation of species considered to be of browse value for extensive animal production 
purposes to be envisaged. 
In order not to have to extrapolate the results, experiments were mounted on similar types of 
pasture in natural savanna, as follows: a) over a given area the ligneous vegetation is entirely 
preserved, while b) over an identical area it is destroyed. Two herds as similar as possible 
utilize these two types of pasture and the results are obtained by using a cattle weigher 
This method implies identical utilization methods and the rationalized utilization of browse plants 
so that they are within reach of the animals. The results will highlight the real importance of 
browse during the dry season and possibly during the rainy season as well. 
As regards browse production on natural savanna, whatever figures are obtained can have only 
an indicative value since the variables are so many: density, height, phenology, etc. Here again 
the results will only have a value if the experiment is carried out on combined grass and 
ligneous crops. By working on given areas and discovering the respective production of each 
component in the combination it will be possible to evaluate the contribution made by the 
browse species, as against that of the control grass. 
To sum up, browse is important in the forest zone and especially in the forest fringe area, but it 
still remains to make the phenological stage preferred by the animals coincide with the troughs 
in the protein content of grassland. 
4. Utilization prospects for browse species in the livestock sector 
In the forest fringe and forest zones the development of animal production and especially cattle 
production has never depended on the existence of savanna, in contrast to what is generally 
believed, so that savanna should only be considered as a makeshift solution during the first 
years in which animal production is started up. 
Except in the case of a few favourable sites where animal production can take place at low cost, 
it is no use entertaining fond hopes, and in the majority of cases land will have to be rapidly 
reclaimed and controlled. Land reclamation and control require investment. Should investments 
be channelled towards maintaining a proper sylvopastoral balance or should they necessarily be 
devoted towards land clearance before establishing forage crops? 
Any mechanical intervention in the Guinean zone is expensive, with costs which are out of all 
proportion to the financial means available to the livestock producer. Land clearance, even 
when partial to improve the forage potential, cannot therefore be considered without subsidies. 
In any case, at present subsidies can only be considered on condition that the forage systems 
advocated are technically simple and durable: simple in that the techniques employed require 
no material investment and management and utilization require only the minimum of discipline 
and maintenance; durable in that these systems will have to be efficient for ten years or so, a 
reasonable period in which the producer will be able to acquire some expertise in livestock 
management. 
Browse trees and shrubs can contribute, just as grass can, to the partial solution of animal feed 
problems in the Guinean zone, and the extent to which they do so will depend on the 
importance attributed to them. The forage systems described below take into account: a) the 
arable value of the land; b) the human environment; c) the species raised. 
4.1 Arable value of the land 
Apart from the edaphic savanna, which has no arable value, the vegetation is a forest climax. 
Whenever utilization and management methods are used on savanna in a forest fringe or forest 
zone, bush encroachment and reforestation are inevitable. If the soils have an arable value and 
land reclamation takes places via bush clearance, two alternatives are available: forage crops 
may be included in a rotation; or forage crops may be cultivated outside the rotation system. 
Where forage crops are included in a crop rotation system, whatever system is adopted the 
cultivated fallow has a twofold purpose: to provide green manure and feed resource. The 
cropping period should be 1 year, and two cycles are possible owing to the favourable climate. 
The first cycle might consist of maize while the second cycle would be an annual pulse sown as 
a catch-crop. Either one of the crops may be used while green, since cultivated fallow is 
primarily an agricultural operation. In this case the forage crop can be considered as no more 
than a balance feed whatever the livestock production conditions, and the producer should have 
other feed sources at his disposal. These might consist of forage crops based on perennial 
grasses or shrub crops either by themselves or in combination. Where forage crops are 
cultivated outside the crop rotation, the forage system used may be based on cropping one or 
two grass species and some browse and fruit species. The grasses provide the feed base while 
browse species contribute all or part of the protein balance. 
Before going into details it is important to understand that this system can only be envisaged 
because two well tried and tested grasses are available. The grasses cultivated are Brachiaria 
ruziziensisand Panicum maximum and its ORSTOM K 187B, G 23 and T 58 clones in particular. 
These have been developed at Adiopodoumé and tested by the CRZ at Minankro-Bouaké. 
These plants are ecologically very flexible and well adapted to the Guinean environment. They 
can be utilized directly by grazing or via a cut-and-carry system while green, or for making 
silage. The method advocated is alternating grazing with cutting and carrying. 
Brachiaria ruziziensis is established for 3 to 5 years or more. During the first 3 to 5 years the 
areas planted are treated as for a forage crop. Extracts are offset by fertilization. After 3 or 5 
years the areas may be regarded as improved pasture. Fertilization need be used only as a 
spur to development, and nitrogen only is used. 
An area planted with Panicum maximum may similarly be considered as a forage crop for the 
first 1 to 5 years and treated as such. From year 5 onwards it may be managed as an improved 
pasture until the 10th year, and treated the same as Brachiaria. In Nigeria 15-year-old areas still 
support 2 LU/ha during the rainy season in areas with 1000 mm. 
Panicum maximum, especially, is a grass suitable for extension, for the following reasons: a) it 
adapts very well to dry-land cropping; b) it manages well with moderate fertilization; c) it can be 
maintained by burning off; d) it is resistant to competition, especially from ligneous plants; e) it is 
highly resistant to temporary overstocking; f) mechanical methods can be used for planting, on 
account of its perenniality. 
This is almost the only forage system in which it is possible to establish almost permanent 
animal production using: a) detailed survey methods to establish parks and plots; b) contour 
management; c) shrub strip cropping without risk of scattering or competitions; d) management 
of included non-arable areas such as rocky outcrops, scree and faults. 
The ligneous species to be used are browse or fruit species. For enclosing parks and plots 
providing shade for resting areas and constructing hedges, the following should mainly be used: 
Moraceae:Morus spp.: mulberry trees, especially Morus alba L. Mimosaceae: Prosopis chilensis 
(Mol.) Stuntz (syn. P. juliflora Sw. DC) Mimosaceae: Pithecellobium saman (Jacq.) Benth. 
(Mimosa saman Jacq.) syn.: Enterolobium saman (Jacq.) 
Prain, Albizia flavovirens Hoyle; common names: "arbre à miel" or "arbre à confiture". The first 
of these species is cultivated for its leaves while the two others are grown for fruit. 
Secondly, the following may be used: Moraceae Ficus gnaphalocarpa (Miq.) Stued. ex A. Rich. 
(leaves and fruit), Moraceae Ficus capensis Thunb. (leaves), Moraceae Ficus glumosa Del. 
(leaves), Moraceae Ficus thonningii Blume (leaves), Moraceae Ficus vallis-choudae Del. (fruit). 
For cover crops or in strips, or for non-arable areas: Mimosaceae: Leucaena 
leucocephala (Lam.) de Wit. (syn.:L. glauca, L. Benth); also named Lamtoro (Madagascar), pois 
lolo (Mauritius). The leaves, fruit and young pods are palatable. 
To sum up, a livestock producer in the Guinean zone should start off by fattening from grass in 
order to pay off, as far as possible, the planting and maintenance of forage crops and browse 
plants. He should introduce a breeding herd after 3 or 5 years, by which time the areas under 
forage crops may be considered as improved pasture. He may continue fattening on new areas, 
including renewed former pasture, according to the importance which he attaches to animal 
production. 
Areas in which the land has no arable value are usually savanna which has been invaded by 
bush to a greater or lesser degree, and where the perennial grass stratum has almost 
disappeared or consists largely of annuals1. The grass/ligneous plant balance has been upset 
and any attempt to resow with grass is expensive and risky. 
1 Annual grasses in the Guinean zone are almost always of little interest or of only very 
short-term value. They are mostly unpalatable, especially to cattle. 
The only possible and long lasting improvement is to upgrade the fruit and browse potential 
using the species mentioned above, especially Leucaena leucocephala and its varieties. The 
dissemination and invasion capacities of the species tested, and there are certainly alternatives 
to Leucaena, are two valuable assets to be sought after in this particular case. It should be 
possible to achieve a kind of "forage forest", suitable for use in a semi-intensive system. 
4.2 The human environment 
In sociological terms, whatever the ethnic group or area concerned, there are always two 
development alternatives with regards to the intensification of forage cropping since there are 
always two kinds of animal producers. These are: 
a) those who practise animal production or possess animals and who make use of the grass 
which the Good Lord provides without any idea of respecting an ecological balance, either 
because they are ignorant of it, or else because they wish to be ignorant of it, or consider their 
animals at the same level as poultry as regards providing them with food. This is a production 
system based on ancestral tradition and habits, carried out by men who, in order to remain free, 
reject development outright and even now often possess no intellectual equipment other than 
their religious education. Paradoxically it is this type of livestock production which, even now, 
still provides most of the meat supply. 
b) those who wish to enter animal production with the backup of loans and private funds; these 
people have no technical knowledge of animal production and especially of animal feeds, and 
fortunately they possess no bad habits or prejudices either. 
For extensive animal production purposes, whether the zone is agricultural or not and whether 
the soils are suitable for cropping or not, once the grass-ligneous plant balance has been 
disrupted, although the zone still remains suitable for pastoral production, is it better to 
regenerate the grassland or to put the emphasis on the ligneous cover using browse or fruit 
species? 
Grassland regeneration requires at least partial bush clearance, the introduction of competitive 
browse species able to disseminate and resist mismanagement, prohibited grazing, rotation, 
and all the other methods which add up to correct grazing management. Regeneration 
according to a grid system (2000 m2 per ha) costs, depending on the density of forage plants, 
between 50 and 80% of the cost price of establishing a hectare of forage crops (excluding bush 
clearance). What is more, nature assists in the dissemination of the forage species introduced. 
Fertilization is avoided for economic reasons and the aim is to reach an annual carrying 
capacity of 250 kg. However, it is an illusion to think that the forage growth will do any better 
than the spontaneous grass which has disappeared, without fertilization and management. 
All this is complex, expensive, and not a lasting solution; furthermore it is inapplicable under 
extensive production conditions especially amongst people who do not feel it to be any concern 
of theirs. 
The Guinean savanna is suitable for forestry, and bush control by burning, although free of 
charge, often becomes ineffective after only a few years, even if denuding and erosion of the 
areas used does not occur, with consequences with which we are all too familiar. Given this 
state of affairs, solutions have be found which will allow an appreciable improvement in animal 
feeds at the same time as involving a larger number of animals, whatever the amount of interest 
aroused. 
At the moment planting fruit or browse species is the only possible solution, for a number of 
reasons: a) once established the species introduced will survive whatever the type of 
management and the risk of burning; b) a roughshod rotation system can be implemented, 
because browse improvement is thought to be less valuable than an improvement in the forage 
grass; c) this work may be regarded as a kind of land reclamation, in which case financing 
problems are avoided. 
Later on, once the producers have reached a more intensive production stage, it will in any case 
be necessary to clear the bush and manage cultivable areas, using contour farming, subsoiling, 
levelling work and so on, as would have had to be done for natural bush clearance. Increasing 
the density of the ligneous stratum therefore presents no problem. At that stage further 
investment will have to be envisaged, but it is to be hoped that this would be definitive. The 
browse species to use are the same as given above, although further species should be 
identified and tested. 
Although simple this method does require some semblance of rationalized utilization of 
palatable ligneous species. Piot defined this kind of rationalization as having three aspects: a) 
elimination of unpalatable species; b) pruning of young palatable species to allow animals to 
utilize them better; c) cutting and distribution of those plant parts out of reach of the animals. It is 
to be hoped that livestock producers would understand the sound basis of these methods. 
For newcomers to animal production the forage system based on Brachiaria ruziziensis or even 
better on Panicum maximum with fruit and browse plants can currently be used by people with 
no experience of animal production It should be recalled that for a breeding herd of 100 head of 
80 LU the areas necessary are: a) on natural pasture at a rate of 5 ha/LU, 400 ha; b) 
on Brachiaria ruziziensis, after 3 years, 80 ha; c) on Panicum maximum, after 5 years, 40 ha. 
These figures are average but they clearly show that it is easier to find a few dozen ha than 400 
or 500 ha in a zone essentially characterized by forest. The cost of bush clearance and 
infrastructure also remains fairly low. 
To put it briefly, Panicum maximum is a grass which can be extended with little or no risk of 
failure, a very important aspect. Planting browse and fruit plants should at least in part offset 
any possible nitrogen deficiency without hindering general farm management methods. Models 
on a real life scale should be mounted, but it is very important to provide permanent and 
efficient follow-up. 
4.3 The species raised 
The systems described above primarily concern cattle. For sheep and goats the alternatives 
have not been studied. Of course it is well known that sheep and goats enjoy shrubs much more 
than cattle, a significant fact in the Guinean zone. The species consumed are many but no 
study has specified their exact number and seasonal importance in feed. As a result the browse 
species known to be applicable for cattle are used on sheep raising farms and fattening projects 
currently being started, as is now occurring in Ivory Coast. 
The utilization and management of the browse species normally cultivated is still posing 
problems with cattle. These problems are magnified in the case of small ruminants, since they 
have different browsing methods; they uproot plants and trample on them, carrying capacity and 
regrowth period vary, and at identical establishment costs the long-term survival of crops is 
hazardous. Moreover, it cannot be known whether the feed or rather the feed composition, is 
really suitable for this kind of animal. There is no doubt at all that research will be necessary on 
the local species habitually browsed, especially amongst suffrutescent or subligneous species, 
such as the Sida genus and some Cassia varieties. 
5. Are research and experiments on browse plants necessary in the 
Guinean zone? 
Natural grazing land in the forest and fringe forest zones plays, with few exceptions, only a 
supporting role while livestock production is being started, and it must be borne in mind that 
investment should aim not to maintain it but rather to replace it. Flourishing savanna does not 
necessarily mean good grazing (derived savanna), nor does pseudo-prairie (edaphic savanna), 
merely because the animals can be maintained there throughout the year. Livestock 
development is therefore linked with the intensification of forage production. 
As regards cattle raising, in a pure grassland system, which is the simplest kind, there is no 
grassland legume which can really give satisfactory results. On the other hand grasses such 
as Brachiaria ruziziensis, and more especially some clones and hybrids of Panicum 
maximum, are especially adapted to this kind of utilization. All the same, in-depth tests remain 
to establish certain parameters, for example the carrying capacity and durability of the crop with 
moderate fertilization. In this case it will be necessary to balance the feed ration with nitrogen, 
so that the solution doubtless lies in shrub and fruit browse species. 
Still with regard to cattle raising, the poorer areas can be improved using fruit and browse 
shrubs, since any work on reconstituting the grass stratum would also be costly and yield highly 
chancy and transitory results. This principle also applies to the southern Sahelian and Sudanian 
zones for areas which still have a pastural suitability. 
As regards sheep raising it is not certain that a diet based on forage crops, using the species 
with which we are familiar, best answers the needs of this animal, when it is understood that 
feeding behaviour varies very considerably. It may be possible to raise sheep using a dry grass 
such as Cenchrus or Chloris and a crop combination of suffrutescent species and shrubs. 
Again, the most palatable browse species will have to be discovered on a regional basis, while 
the palatability of introduced species with an alleged forage value will have to be tested. 
Finally it should be recalled that in the Guinean zone the establishment of any crop 
presupposes bush clearance. This can be subsidised only on condition that the forage systems 
proposed as a subsequent solution are durable and simple. Ligneous and subligneous forage 
fruit species can contribute substantially to the development of animal husbandry in the humid 
zone. Besides the species cited above, some of which are described in the appendix, others 
should also be researched in the tropics, especially Albizzia, Dalbergia, Grewia and 
some Cassia spp. Research and experimentation are thus by no means without value in a zone 
which is reputed to be evergreen. 
Annex 
Drawings of some fruit and forage species 
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Browse in the Cape Verde Islands** 
A preliminary study 
Marie-Claire lepape 
Associated expert FAO Project CCP/CVI/002 BEL 
General situation 
The Cape Verde Islands lie in the Atlantic Ocean, some 450 km from the west coast of Africa, 
1400 km south of the Canary Islands, between 14°40' and 17° 15' north and 22°40' and 25°25' 
west. 
They are made up of 10 main islands and 8 smaller ones which, depending on their position in 
relation to the prevailing northeast wind, are divided into "leeward or "barlavento" islands (Santo 
and Antao, San Vicente, San Nicolau, Santa Luzia, Sal, Boa Vista, and other small islands). 
Climate 
The islands are included in the vast arid climate zone which stretches from West Africa to the 
Red Sea, continuing in Asia. The climate of these areas is determined by the movements of 
three air masses. 
a)    The trade winds from the northeast, originating from the Azores anticyclone. These prevail 
throughout almost the entire year, but bring no rain. 
b) The harmattan, a hot, dry wind from the continent, occurring occasionally from October to 
June. Despite its low frequency and short duration it can be dangerous and may scorch the 
vegetation, especially at the end of the rainy season. 
c) The monsoon from the southwest. This originates from areas of high pressure lying between 
the African and American continents. This mass of hot moist air comes into contact with the 
northeasterly trade winds and the harmattan, forming a border line called the Inter-tropical Front 
or ITF. The irregular and periodic movements of this front determine the rainfall regime. The 
front only reaches the Cape Verde Islands for a short period from July to October, called the 
rainy season. 
Rainfall 
Rainfall is greater than the arid appearance of these islands would lead one to believe, but it is 
highly irregular. Since 1968 the Cape Verde Islands have been through an exceptional period of 
drought, in which rainfall has not reached even 40% of average values (1968–1973). These 
average values are fairly low: 200 to 300 mm per year in low-altitude areas (below 300 to 
400m), but can reach 600 to 1000 mm in higher areas. 
The probability of rain in August and September is nearly 100%, 65% in July, 85% in October 
and 55% in November (Dittrich, personal communication). 
Precipitation is unfortunately concentrated over a period lasting only a few days, 15 to 20 days 
per year in arid areas, 45 to 55 days per year in high-altitude areas. 
The rains are hard and violent, falling in a few hours with very great intensity. Thus, at Agua de 
Caldeira, rainfall of 488 mm was recorded in 24 hours. 
The variability coefficient1 of annual precipitation in the low-lying arid areas may be higher than 
60%. It is lower than 35–40% in high-altitude areas. Thus, at Praia (at an altitude of 70m) the 
variability coefficient is around 80%2. 
1 = standard deviation of annual precipitation  
   R =average annual rainfall             n = ( / R)  100 
   n =variability coefficient 
2 Praia: 70 m altitude. 
Relative humidity 
Data on relative humidity are not very accurate and can only serve as indications. Over a period 
of ten years (1951–1960), average relative humidity at Praia varied from 53% in March to 74% 
in October. 
Occult rainfall 
Fog plays a major role in high-altitude areas. Slopes facing north-northeast between 500 and 
1000 m are covered with a cloud layer for a large proportion of the year, especially during the 
dry season, reducing evapotranspiration and providing a fair amount of moisture. 
Temperatures 
The average annual temperature recorded at Praia over 10 years (1951–1960) is 24°6, with 
slight variations from year to year. Monthly temperatures are also regular, average range being 
4°7. Absolute minimum temperatures are not lower than 4°. 
Winds 
A remarkable feature of the climate is the presence of wind throughout almost all the year (the 
prevailing wind is from the northeast). Their force is from moderate to strong. At Monte Verde in 
1963 it ranged from 5 m/sec to 16 m/sec. These winds play an important part in 
evapotranspiration. 
Potential evapotranspiration or pet 
It is difficult to ascertain the exact PET values, since a great deal of dates are missing. 
However, Cunha, in his study "Balanco hydrologico na Isla de Santiago" uses the Penman 
formula to determine a PET of 2359 mm/year for the low-altitude Praia area, 1793 mm for Santa 
Catarina, an area of medium altitude. By using other more simple formulas the PET of a few 
sites has been estimated at between 1700 and 2500 mm/year. 
GEOLOGY, RELIEF AND SOILS 
The Cape Verde Islands are volcanic in origin, consisting of basaltic rocks and features 
associated with them, such as pyroclasts; breccia, lapilli and tuffs. Some of the islands, such as 
Maio, Sal and Boa Vista, have had no volcanic activity for a long time, so that erosion has 
levelled down the original relief. These islands are relatively flat, with summits approaching 
300–400 m. 
The other islands have had more recent eruptions, so that their relief is extremely jagged, with 
summits reaching 1392 m in Santiago, 1979 m in Santo Antao, 1300 m in San Nicolau and 2800 
m in Fogo. 
The soils vary considerably but are generally young and coarse, of average to shallow depth. 
Lithosols, litholithic soils, alluvial and colluvial soils, red paraferralitic soils, isohumic soils and 
vertisols are found. 
Vegetation 
The flora of the Cape Verde Islands include some 650 indigenous or naturalized species of 
which one third are endemic, and 150 cultivated species. The severe climate, particularly in 
recent years, the continually expanding population, the search for new land, firewood and 
timber, together with the excessive number of goats, are the factors responsible for the critical 
state of the vegetation in the islands. The arid lowlands are severely degraded, and the most 
palatable species to livestock have been eliminated. Only a few plants with a low forage value 
remain: 
Aristida adscensionis, Aritida cardosoi, Tripogon minimus, Chloris 
pycnothrix, Aerva persica, heliotropium undulatum, Zygophyllum simplex, Acanthospermum 
hispidum, Eragrostis spp. are found, and a few other which are more sought after: Cenchrus 
ciliaris, Dichantium annulatum, Botricholoa pertusa. In areas with a more favourable climate are 
found Panicum maxium, Desmanthus vergatus,Hyparrhenia hirta, Andropogon 
gayanus, Trifolium spp. and Echium stenosiphon. A few shrubs also remain, often widely 
scatterd: Faidherbia albida, Parkinsonia aculeata, Acacia nitotica, Ziziphus 
mauritiana, Prosopis juliflora, Tamarindus indica and Ficus gnaphalocarpa. 
Forage plantations 
Browse plants have an important role to play in Cape Verde. They may occupy vast 
areas (achadas) in the arid lowlands, which represent 50 to 60% of the total areas of the islands 
and which are primarily suitable for pastoral utilization, apart from a few pockets of good land fit 
for cultivation. Their economic importance is considerable, since to a large extent their trees and 
shrubs are crucial for animal production consisting of meat and milk and derived products. They 
also produce firewood and timber. 
At Santiago there are a few old colonies of Prosopis juliflora and Parkinsonia aculeata, these 
two species having given the most positive results, being well adpated and highly resistant to 
drought. The age of these plants is difficult to ascertain since there are no documents on the 
subject. 
On Maio Island 600 ha of browse plants are used to supply the Calhata Centre Zootechnique, 
which ranges 300 Karakul sheep and a hundred or so goats. These plantations consist 
of Parkinsonia aculeata (220 ha planted 20 years ago), and a mixture 
of Prosopis juliflora and Parkinsonia aculeata (280 ha planted 10 and 15 years ago, together 
with 100 ha of Prosopis juliflora planted in 1979. Since 1978 a considerable effort has been 
made to regenerate grazing land on the islands of Santiago and Maio. The main species used 
have been as follows: Prosopis juliflora and Prosopischilensis, Parkinsonia aculeata, Acacia 
nilotica, Atriplex halimus and A. nummularia, Cajanus cajan and Leucaena 
leucocephala, with varying results. 
Some production data 
Studies of the biomass of these browse plants have just taken place, so that it is still too early to 
establish their relative significance. We shall limit ourselves to providing a few indicative values. 
Faidherba albida: used for its leaves, pods and wood. The production of pods, measured by M. 
Gonzales over six trees of the Ribeira de Trinidade, amounted to 75 kg of pods per tree in 1967 
and 55 kg per tree in 1968. The subjects were mature and well developed. 
Parkinsonia aculeata: used for leaves, pods and wood. The spacing used in existing plantations 
is either 4 by 4 m or 10 by 10 m, without any great difference in performance being noticeable. 
Average individual production (circumference of 44 cm at 10 cm from the ground for a tree aged 
14 years) was as follows: 
Robust wood (non-chlorophyllic): 20.00 kg of DM 
Chlorophyllic shoots                     3.20 kg of DM 
Leaves                                          0.70 kg of DM 
Flowers:                                        0.17 kg of Dm 
Fruit (estimated):                          0.50 kg of DM 
i.e. 24.47 kf of DM per tree. 
Given spacing of 4 by 4 m, i.e. 625 trees/ha, the deciduous biomass is 812 kg of DM or 325 FU, 
or an average annual carrying capacity of one sheep/ha. 
As it became clear that the Parkinsonia needed to be regenerated for subjects aged 20 years 
(the majority of the stumps were rotten), a trial in which the trees were cut monthly 10 cm from 
the ground was launched in May 1979. The shoots at 9 months had an epigeal biomass of 10 
kg DM of chlorophyllic branch wood and 1.5 kg DM of leaves. Annual production would 
therefore be 1245 kg of Dm/ha. Allowing for a utilization rate of 60%, real consumable 
production obtained would be 750 kg/ha or 300 FU ha/year, or again an annual carrying 
capacity of one sheep per ha/year. 
The current utilization method for Parkinsonia consists of pruning, a highly expensive operation. 
Grazing the new clumps of shoots directly would be more economic, but more difficult to 
manage since it would be necessary to ensure that not all the shoots were consumed by the 
passing animals, so as to preserve a sufficient regeneration capacity for the tree. It is thus 
appropriate for the shoots to reach 1.50 to 2 m in height before first utilization takes place, so 
that at least 23% of the browse will be out of reach. The interval at which cutting back should be 
applied and the intensity of utilization should be determined by experimentation. 
Prosopis juliflora: used for its wood and pods, the leaves being unpalatable to livestock. An 
initial study of the biomass begins this year on the island of Maio. The trees are 14 years old 
and show remarkable development, due to the presence of groundwater near the surface. 
The ligneous biomass is probably about 200 kg/tree, i. e. 50 t/ha, the trees being 20 m apart. 
Pod production is probably in the order of 10 to 15 kg/tree/year for adult plantations, i.e. 250 to 
400 kg of DM/ha/year, or carrying capacity of 0.6 to 0.8 sheep. These values would certainly be 
lower on other less favourable sites. 
The utilization of Prosopis juliflora for browse consists of picking up the ripe pods falling to the 
soil and storing them in large silos. They are consumed during difficult periods (dry season) or 
when peak feeding requirements arise, for example at the end of gestation, or during lambing 
and lactation. 
New introductions 
Trial introductions of species from the arid zones were undertaken in September 1978 at 
Santiago, on two sites in the lowlands representing average arid conditions (see list of species 
in the annex). The plants were simply planted in a hole 2 by 2 m, without any special system for 
collecting water at the foot of the plants. It is still too early to draw any conclusions, but it can be 
said that species which withstand the conditions on these two sites have good chances of 
developing where techniques for accumulating water at the foot of the plant will be used 
(planting on partitioned banks, for example). 
In December 1979 the survial results on the least favourable site were as follows: 
>90% for Parkinsonia aculeata; 
>75% for Acacia peuce, A. victoriae, A. astringens, A. tortilis, Prosopis juliflora, P. chil ensis, P. 
glandulosa and Atriplex nummularia; 
>50% for Acacia acuminata, A. tetragonophylla, A. ansura, A. pendila, A. notabilis, A. sowdeni, 
A. stenophylla, Eucalyptus tarrafal (local adaptation), Pittosporum phylliraeoides, Casuarina 
dielsiana, C. decaisneana, Conocarpus lancifolius, Schinus mope (Maudou, 1979). 
Conclusion 
Since the dry-season grass production is low and irregular, browse species alone, owing to their 
deep root system, will be able to offset the irregularity of the forage grass production, which is 
totally dependent on the hazards of a freakish climate. The future of animal production therefore 
depends to a great extent on the development of browse plants, since the prospects for irrigated 
forage crops are extremely limited. 
Annex 
List of species introduced in the arid zones. 
Acacia peuce 
Eucalyptus camaldulensis (local variety) cathechiste 
Prosopis tamarugo 
Acacia tortilis 
Conocarpus lancifolius 
Pittosperum phylleraeoides 
Casuarina dielsiana 
Eucalyptus camaldulensis tarrafal (local variety) 
Casuarina decaisneana 
Brachychiton populneum 
Eucalyptus angulosa 
Acacia victoria 
Acacia microbatrya 
Schinus molle 
Acacia cyanophylla 
Cassia occidentalis 
Acacia notabilis 
Parkinsonia aculeata 
Prosopis glandulosa 
Acacia acuminata 
Acacia aneura 
Prosopis verdyosa 
Casuarina cristats 
Acacia tetragonophylla 
Prosopis velutina 
Prosopis chilensis 
Prosopis juliflora (Trindade) 
Angophora melanoxyllon 
Acacia astringens 
Prosopis julifdora (Trindade, spineless) 
Acacia pendula 
Acacia ligulata 
Atriplex nummularia (local variety Trindade n° 4) 
Eucalyptus ochorphloia 
Acacia cyclops 
Brachychiton rupestre 
Acacia oswaldii 
Acacia stenophylla 
Acacia sowdini 
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1. The importance of ligneous forages 
The Sahel is one of the most inhospitable areas of the world. Men, animals and plants are all 
subject to severe tests. They have to survive a very long dry season, which grows increasingly 
severe as the months pass. Each dry season is a different length to its predecessor and to the 
one following it, and the same is naturally true of the wet season also. There are few countries 
in the world where the amount of rainfall from one year to the next is as subject to freak 
fluctuation. 
Nevertheless, animals are able to survive there permanently and apparently tolerate the climatic 
stresses well. Amongst them are the desert gazelles, notably the dorcas gazelle. In April or 
May, the hardest part of the dry season, it is striking to note how these animals are well fleshed 
with lustrous coats and how they leap and frolic freely, while the cattle are thin and visibily in a 
poor state of physical resistance. The former are able to abstain from water, searching out their 
food and finding in the leaves and young branches, as well as in their fruits and seeds, a 
complete diet, while the latter have to make do with eating whatever they find in the places to 
which they are led, usually dried grasses and occasionally leaves of Acacia, 
Balanites or Cadaba. 
This behavioural difference may appear secondary. In fact it is of capital importance. Many 
bromatological analyses have shown that ligneous forage, especially that of Sahel trees, is far 
richer in protein than dry grass (22% for Balanites leaves, 20% for those of Maerua crassifolia, 
15% for those of Acacia raddiana, to quote only three of the most significant examples, as 
against 4–5% for straw). Ligneous plants also provide fruit. 
Grass seeds, some of which have a high starch content (e.g. Panicum turgidum, Panicum 
laetum, Brachiaria deflexa, etc.) fall to the ground where they mingle with grains of sand, 
escaping out of reach of heavy livestock. 
It is nonetheless true that many Sahel trees provide a secondary but nevertheless essential 
source of feed for livestock at a time when the only other resources available are strawy 
residues with a high cellulose content and very low in DCP. 
Although therophytes are equipped with a survival method which is particularly effective through 
drought and especially so during a run of dry years, since the seed remains in a dormant state 
and can stay in cold storage for several years, ligneous phanerophytes are also able to adapt 
with great efficiency. The following adaptations, for example, enable the plant to continue to 
assimilate, building up carbohydrates by a process of photosynthesis: the thick leaves of Boscia 
senegalensis and B. angustifolia, leaves protected by a thick cuticle such as Balanites 
aegyptiaca, and especially the chlorophyll content of the branches of Capparia decidua, 
Leptodenia pyrotechnica and even of Balanites aegyptiaca. The consumption of these young 
shoots is a resource which is often underestimated. 
Tree cover in the Sahel is becoming thinner year by year. Overstocking has taken its toll. In 
many areas of Niger, the regeneration rate is zero. No new stocks are appearing to replace the 
old trees which die off one after the other. All young plants are relentlessly devoured by 
livestock after the first few months of their life. As a result the tree cover, owing to the lack of 
young replacement stock, is growing older and older. 
2. The causes of destruction 
Although browsing is one of the main causes of destruction for ligneous plants, it is 
unfortunately not the only one. In areas where man turns to his own use anything that comes to 
hand free of charge, the tree cover pays dear in terms of human depredation. 
2.1 Firewood 
Wood remains the main source of fuel, and consumption of wood for cooking may be estimated 
at 100 kg per inhabitant per month. The large capital cities such as Bamako, Ouagadougou and 
N'Djamena burn a hundred thousand tonnes of wood annually. This tonnage has to be found 
and inevitably, despite the new eucalyptus plantations, the large cities become the centre of a 
desert area devoid of ligneous plants, the radius of which grows year by year. 
2.2 Charcoal 
Beyond a certain distance, the cost of transporting wood becomes prohibitive, so that in terms 
of weight it becomes advantageous to turn the wood into charcoal, a lighter material despite the 
loss in calorific value per unit of wood. This loss varies as a function of the species of tree and 
the manufacturing method used. 
However, it is the larger trees which bear the brunt of these operations, since charcoal can only 
be made from large branches. Charcoal burnes, as they are called, are making serious inroads 
into the ligneous stratum. When the trunk is too large to be felled by axe the vandals light a fire 
at its base, which slowly consumes the wood and finally breaks down the resistance of even the 
strongest trees. This method leaves the tree no chance whatsoever of regeneration. It is very 
much in evidence in the area around N'Djamena, according to observations made by the 
present author in April 1978, concerning Acacia nilotica. 
2.3 The construction of "zeribas" 
Zeribas are enclosures for livestock erected by the pastoralists, who cut large branches, usually 
with plenty of subsidiary branches, from thorny species and build them into hedges. The 
purpose of these enclosures is to contain the livestock overnight. Acacia species, particularly 
those with large thorns such as A. raddiana, A seyal and a. nilotica, are the species most often 
used. Balanites is also cut and the branches combined with those of Acacia. For reason of 
economy and the problem of transport, Acacia trees are mercilessly slashed and very often all 
the main branches are taken so that the tree is completely lopped. It does not die, but emerges 
far weaker after this mutilation. 
Zeribas use up a large number of branches and have the serious disadvantage of not lasting, 
since they are destroyed by termites and have to be rebuilt on average every two years. 
Moreover, the accumulation of dead wood is highly combustible, and wherever bush fires break 
out they flare up spectacularly. 
2.4 Bush clearance 
Bush clearance for the cultivation of pearly millet (Pennisetum typhoideum) only takes place in 
the south of the Sahel, where cultivation is possible. As the population increases and the soil 
becomes progressively exhausted, the areas cultivated grow and grow, at the cost of areas 
traditionally reserved for grazing, thereby depriving the trees of all chances of regeneration. 
2.5 Trimming and pending 
Pastoralists habitually cut the high branches of trees, throwing them to the ground so that they 
are accessible to cattle and small stock. When it is skillfully carried out this type of trimming 
does not have too great a destructive effect and has the advantage of providing livestock with a 
feed source which is rich in proteins, while still allowing the tree to survive. 
More serious, however, is the method by which large branches are bent down to ground level. 
The branch remains attached to the tree by a section which is half split through, constituting an 
open door for bacteria and fungi. Moreover, the bare branch in contact with the ground is an 
easy prey to flames when fire occurs, which then spreads to the whole tree, whereas normally 
only the trunk would have been lightly damaged. 
3. The means of regeneration 
The vitality of some species of Sahel tree is remarkable and many types of tree would doubtless 
have disappeared long ago if they did not possess this extraordinary ability to bounce back. A 
number of examples may be examined. 
3.1 Trees cut at ground level 
Trees are cut clean to the ground whenever bush is cleared, on cultivated perimeters or around 
huts, etc. Some trees disappear for ever but others re-emerge some time later. 
The most resistant species without doubt is Ziziphus mauritiana. In this species the cut surface 
of the stump is covered with vigorous green shoots capable of assimilation and protected by 
supple thorns. These new shoots are tasty and are a much appreciated source of green feed for 
small stock. They grow during the dry season, as was the case for the shoots observed by the 
author on 12.4.78 at Walia, 30 km north of N'Djamena, and on 24.12.78 at Komsilga 20 km 
south of Ouagadougou. Many examples could be given. 
The advantage with new shoots is that they are more tender than ordinary branches and grow 
more rapidly. Quite possibly, if browsed at regular intervals, these new shoots would not be able 
to maintain themselves. A trial plot would enable us to obtain precise indications, especially with 
regard to the resistance of the stump to this kind of utilization and to the optimal period to allow 
between successive grazings. This ability to put out new shoots is all the more worth 
investigating since it occurs during the dry season. Bauhinia rufescens possess the same 
property, and the edges of stumps which are cut to the ground become covered with minute 
bilobular leaves. However, this species is not very palatable except to goats, and does not 
deserve so much attention. 
3.2 Trunks cut some distance above the ground 
This is very often the case for thorny acacias cut for constructing zeribas. The most resistant of 
these trees is Acacia seyal. Whether the trunk is cut short at 1 m, 1.5 m or 2 m seems hardly to 
matter, since during the following wet season or even before then the cross-section of the trunk 
will be crowned with a cluster of young shoots showing strong upward growth and covered with 
dense foliage and soft thorns. 
The geotropic development of these new branches is extremely negative. In one specific case 
the stocks of acacia which had been cut in this way were covered with tuft-like clumps of new 
shoots, as observed by the author on 6/8/79,10 km north of N'Djamena. 
Clearly, a faculty for regeneration of this kind should be studied experimentally. It would be 
extremely constructive to measure this genuine productivity, in real terms to gain an 
understanding of its variation in accordance with the annual cycle as well as to carry out 
bromatological analyses at regular intervals in order to monitor the development of CP and 
DCP. 
3.3 Trunks lying on the ground 
In some species, e.g. Combretum glutinosum, Acacia seyal, trunks lying on the ground put out 
suckers which grow skywards from the uppermost surface of the trunk. In Combretum spp. 
these young stems are consumed although the adult leaves are left. 
3.4 Prickly intergrowth 
This kind of ramification is frequently met in young trees which are regularly overbrowsed. Each 
year, during the rainy season, the young tree (Balanites, for example) puts out shoots which 
grow outwards from their "phyllosphere". During this period livestock are usually absent, having 
moved northwards in search of annual grazing, or if they are present animals are more attracted 
towards the young grasses such as Brachiaria or Dactyloctenium which are tender and plentiful 
during this period. 
When, the dry season arrives these young shoots will be mercilessly consumed and only those 
which are the least accessible will escape, i.e. those enjoying a greater or lesser degree of 
natural protection from a ligneous branch positioned in front of them. As the years go by, the 
tree takes on a bushy habit. Eaten away at the edges each year, it grows only very slowly, but 
every year produces a mass of new leafy branches which are much utilized by livestock. 
Despite appearances, trees of this kind play an active part in the feed supply of camels, cattle 
and goats. 
It would be very instructive to know for how many years a tree can tolerate this kind of 
overutilization. What proportion of energy does the tree succeed in retaining and how much is 
taken by the animals? Answers to questions such as these could only be given if trial plots were 
set up. 
4. Conclusion 
Finally, instead of allowing livestock to overgraze the ligneous stratum to a point at which 
regeneration is seriously threatened, a stage which has unfortunately been reached already in 
vast areas of the Sahel, would it not be more appropriate to curb this chaotic and savagely 
destructive process, replacing it by rational utilization of woodland grazings? Of course, the 
practical ways and means have yet to be worked out. Nonetheless, there are already certain 
rules which could be obeyed, such as those pertaining to systematic pruning, for example, in 
which the central bud is always left intact, enabling the tree to regenerate more rapidly. Just at 
the tufts of short-stemmed Andropogon grasses do, browse trees recover, and the pastoralist 
must learn to utilize browse as he has learnt to do so with grassland. His efforts will be greatly 
rewarded. 
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1.Background 
An overall study of the steppe rangelands of Tunisia has been carried out by Le Houérou (1959, 
1969): The principal plant types were characterized, using relevé analysis techniques, according 
to the composition of the flora and their ecological characteristics. This author also provided 
estimates of standing biomass and of the production for this zone. Estimates of this kind also 
exist for other North African countries, such as Algeria (Le Houérou et al, 1937), and Morocco 
(Sébillotte et al, 1972). 
However, few measurements of phytomass on the rangeland (and still fewer measurements of 
production) have been carried out in the arid Mediterranean area. In Algeria, Rodin et al (1970) 
have studied the "rtemisia" steppes from this point of view (Artemisia herba-alba) and also the 
Alfa steppes (Stipa tenacissima). In Tunisia, Novikoff (1976) measured the biomass and 
productivity of aRhantherium suaveolens steppe. A summary of the state of knowledge on 
natural plant production in the arid zone was presented by Le Houérou (1973) and Le Houérou 
and Hoste (1977). 
The aim of this paper is to present the result of a series of phytomass measurements carried out 
on the steppe rangelands, especially those with a basic browse component as in the Djeffara 
and Basses Plaines Meridionales Orientates regions (the bioclimate is lower arid 
Mediterranean: 100 < p < 200 mm). The measurements were earned out as part of a 
multidisciplinary, inter-organizational project launched by the Tunisian Government, the aim of 
which was to put forward a proposal for integrated agropastoral improvement schemes on an 
ecological basis. Most of the results have been discussed in a series of publications, (Floret, Le 
Flo'ch, 1973; Floret et al, 1978; and Pontanier, 1978), and interpreted in order to determine the 
role of ligneous species in the pastoral value of the southern Tunisian steppes. Introduced 
browse species will be discussed here (Acacias, Atriplex, Cactus, etc) since they play only a 
small role in the zone under consideration. 
2. The importance of rangeland and livestock in southern Tunisia 
The rangelands (i.e., areas occupied by natural vegetation which can provide a feed source for 
direct consumption by animals, but excluding fallow land still occupy in Tunisia, and in the 
southern and central areas of that country, approximately 80% of the arable land area, or 45% 
of the total area, which consists of arable land area, desert areas, forested zones and the alfa 
grass steppes, i.e. 7 million ha in all. For the most part the areas have an average annual 
rainfall below 300 mm, and either a Saharan or an arid Mediterranean bioclimate. Although the 
land ownership status may change, the rangelands are mostly subject to the system known as 
collective ownership. 
For the areas concerned, the herd numbers are evaluated at 3.5 million sheep and 0.6 million 
goats. Although the latter are less plentiful in the central zone they account for approximately 
one third of the herd in the south. Rainfall variability may subject the herd to a sharp fall in 
numbers during drought years, since the animals obtain over 80% of their feed from the 
rangelands. Owing to the expansion of cropping (cereals and in some areas tree crops), the part 
played by animal production in the very low income of rural populations varies considerably and 
is on average estimated at 25%. It is thought that the rangeland area has receded by 30% 
during the last 30 years. 
3. The importance of browse vegetation 
Approximately 80% of the plant formations used rangeland grazing (excluding fallows) in central 
and southern Tunisia are dominated by low ligneous plants, and more particularly by 
chamaephytes, while nanophanerophytes are frequently present in some residual groups found 
in the talwegs and on inaccessible escarpments. The proportion varies according to local 
situations, as shown in Table 1. 
Table 1. Extent of crops and rangeland, and degree to which they are dominated by browse 
plants in two test areas of southern Tunisia (lower arid bioclimate), 1975 results. 
  Oglat Merteba 100,000 ha   Zougrata 81,000 ha 
Crop %   10 38 
Rangeland %   90 62 
Proportion of rangeland % dominated by low ligneous plants  
70 
 
87 
  dominated by Grasses 30 13 
Hence although there are some variations, formations with low ligneous strata, are predominant 
in the natural vegetation areas of the arid zones, although the forest and "rnatorrals" of the 
mountain areas have been gradually replaced as a result of degradation, by communities 
dominated by a grass, Stipatena-cissima. At highly specific localities traces of a woodland 
savanna with spiny acacias(Acacia raddiana) may also be noted, resembling those found to the 
south Sahara. 
It is clear that perennial species and especially browse species are highly important in terms of 
offsetting the effects of soil erosion. Moreover, they provide the means for pastoral production 
on a more regular basis than do annuals during unfavourable rainfall years, allowing a certain 
standing stock to be maintained. Perennial species also allow the rangeland utilization period to 
be extended further into the year, since in the case of annuals it does not exceed two to three 
months. Browse vegetation, aside from its pastoral use, can also be used as fuel by families. 
4. Study methods 
Measurements were thus carried out to characterize the above ground phytomass of the phyto-
ecological map units which had been simultaneously plotted to a scale of 1/50,000. On the map 
units selected for the phytomass measurement, 30 or so basic plots were outlined at random 
and then marked out in the field with stake and twine fences. The size of the plots was usually 
32 m2, but varied with the type and quantity of vegetation. 
For every third plot the green weight of each clump of the main perennial species present was 
estimated. After its weight had been estimated each clump was cut at ground level and weighed 
green. In the remaining two plots the weight of each clump of the same perennial species was 
estimated, with satisfactory precision, since on the first plot the observers had staggered the 
estimates (a method similar to that of Pechanec and Pickford, 1937). The smaller perennial 
plants and litter were sampled in two subplots of 4 m2 each, i.e. 60 smaller plots per map unit. 
The phytomass of each unit was subsequently expressed, for each species in weight of dry 
matter per ha (kg DM/ha). Generally the measurements were carried out during a relative rest 
period of the vegetation (before the annual full growth period). 
Approximately 200 sites were thus measured and estimated for the above-ground phytomass of 
perennial plants. On about 20 of them phytomass measurements for annual plants at the 
moment of maximum vegetation were also carried out for several consecutive years. In addition, 
on approximately 10 sites representative of the most widespread types of rangeland in the area, 
measurements of both annual and perennial vegetation production (without grazing) were 
made, over periods ranging from three to eight years according to the site. 
For each of the main plant species of southern Tunisia a palatability index was established on 
the basis of the initial proposals made by Le Houérou and Ionesco (1973), adapted according to 
the personal observations made by the authors1. For each species the percentage which could 
be consumed in relation to the weight of the above-ground part of the plant was also evaluated 
("proper use factor"), on the basis of bibliographical data (Israel, Soil Conservation Division, 
Ministry of Agriculture, 1957). 
1It should be noted that a study on the feeding behaviour of animals in this region is 
currently under way (Waechter, in preparation). 
The combination of these two indices, attributed the phytomass of perennial plants on a 
species-by-species basis, enables a figure for the pastoral value of each site to be obtained by 
summation: above-ground phytomass of perennial species  palatability index  percentage 
consumable. The figure is expressed as a relative value in relation to optimum rangeland, which 
is considered to have a value of 100. For annual species a further relative value was calculated, 
taking into account only the production, whether measured or estimated. The programme and 
calculations were effected by A.M. Bacou at the CNRS Ecothéque Méditerranéenne. 
5. Results and discussion 
The main results are shown in Table 2. In one and the same situation (substratum and state of 
cover) the perennial species were listed in order of descending above-ground phytomass. The 
phytomass values of the perennial species given in this table represent an average for each site 
calculated from the measurements on 8 or 10 sites, except for the Atriplex halimus group, which 
was measured only once. 
It was difficulty to classify the sites according to the categories of state of plant cover (good, 
average and poor), for which it is often difficult to define the exact limits. The table must 
therefore be studied taking into consideration, for example, the fact that the phytomass of the 
sandy plain steppes ranges on average from 400 to 1125 kg DM/ha, according to the state of 
plant cover. Salty areas with ground water, physiognomically dominated by Atriplex 
halimus or Nitraria retusa, together with the bottoms of wadis and other well-watered areas 
where further species such as Calycotome villosa and Ziziphus lotus are present, have ligneous 
phytomasses of over 10 tonnes of DM/ha, but are always of limited extent. Situations where the 
ligneous phytomass is over 1500 kg DM/ha are therefore rare, and steppe vegetation is usually 
degraded, so that in these areas plants groups usually have a phytomass ranging from 200 to 
700 kg DM/ha. 
It emerges clearly that on the vegetation units reviewed the contribution of ligneous plants to the 
perennial phytomass is generally higher than 85%. Only the grass steppes with Stipa 
tenacissima andLygeum spartum or Aristida pungens, which were not studied, present a 
different picture. 
Table 2. Phytomass of perennial plants and pastoral value of rangeland 
Type of 
substratum 
and state of 
plant 
Dominant perennial 
species in phytomass 
Phytomass 
of 
perennial 
species 
Contribution 
of ligneous 
plants to 
phytomass 
of 
perennials 
(in %) 
Pastoral 
value 
(perennials 
only)a b 
Pastoral 
value 
(annuals 
only)b 
1. shallow 
limestone 
environments 
average 
state 
Gymnocarpos decander 
Rhantherium 
suaveolens Astragalus 
armatus 
tragacanthoides 
  
 
630 
  
 
97 
  
 
35 
  
 
20 
poor state Gymnocarpos decander 
Heliantheum Kahirieum 
Atractylis 
serratuloides 
  
 
300 
  
 
95 
  
 
20 
  
 
10 
2. shallow 
gypseous 
environments 
average 
state 
Helianthemum lippii 
Intricatum  
Atractylis serratuloides 
Gymnocarpos decander 
  
 
770 
  
 
84 
  
 
35 
  
 
15 
poor state Helianthemum lippii 
Intricatum 
Gymnocarpos decander 
Helianthemum 
kahiricum 
  
  
330 
  
  
89 
  
  
15 
  
  
5 
3. sandy 
loam 
plateaux and 
slopes 
average 
state 
Artemisia herba-alba 
Arthrophytum 
scoparium 
  
 
 
490 
  
  
97 
  
  
20 
  
  
15 
poor state Arthrophytum 
scoparium Artemisia 
campestris Linaria 
aegyptiaca 
  
180 
  
86 
  
5 
  
15 
4. sandy 
plains good 
Rhantheirum 
suaveolens Lygeum 
        
state spartum 
Plantago albicans 
1125 89 100 25 
average 
state 
Rhantherium 
suaveolens Salsola 
vermiculata brevifolia 
Echiochilon fruticosum 
  
 
550 
  
 
93 
  
  
45 
  
 
5 
poor state Rhantherium 
suaveolens 
Arthrophytum 
scoparium Pituranthos 
tortuosus 
  
400 
  
88 
  
30 
  
5 
5. lowlands 
and areas of 
water 
Cynodon dactylon 
Pulicaria laciniata 
Lygeum spartum 
  
725 
  
65 
  
70 
  
100 
6. salty 
gypseous 
environments 
Anabasis articulata 
Frankenia thymifolia 
Suaeda mollis 
  
540 
  
95 
  
15 
  
20 
7. slightly 
salty 
environments 
A triplex halimus 
schweinfurthii 
 
8400 
 
95 
    
a Above-ground phytomass of perennials  palatibility index  % consumable. 
b Expressed as % in relation to optimum rangeland. 
On each site, and even in cases where the species present are numerous, it emerges that a 
very small number of species (one, two or three) account for over 90% of the phytomass. The 
ligneous species which contribute most to the phytomass in the natural areas 
studied2 (excluding salty and mountain areas) are the following: Rantherium suaveolens, 
Gymnocarpos decander, Helianthemum lippii var. intricatum, Helianthemum kahiricum, 
Arthrophytum scoparium, Arthrophytum schittianum, Echiochilon fruticosum. 
2In neighbouring drier or wetter areas, and in salty areas, other species should be added 
to this list. But measurements to obtain phytomass would have been too numerous and 
could not be included here. The species would include: a) for the Saharan bioclimatic 
formations: Anthyllis henoniana, Traganum nudatum, Rectama retam, Heliantherum 
brachypodum, Suaeda mollis, Colligonum sp. 
b) for the upper arid bioclimatic zone: Ziziphus lotus, Rosmarinus officinalis. 
c) for salty areas: Limoniastrum guyonianum, Salicornia arabica, Anthrocnemun indicum, 
Salsola sieberi, Salsola tetranda, Suaeda fruticosa, Halocnemum strobilacuem. 
As regards relative pastoral value, obviously the lowlands and water distribution areas have the 
highest value, when they are not under cultivation, in terms of the sum total of figures attributed 
for perennial and annual plants. Next come the steppes of the sandy areas, while the white 
artemisia steppes (with Artemisia herba-alba) on slopes with loamy soils have low values. The 
latter are highly degraded owing to long-term cultivation and overgrazing. These relative values 
are subject to considerable fluctuation according to the type of year in terms of rainfall. Thus in a 
humid year the annual vegetation of loamy areas can be more plentiful than in sandy areas. 
As shown in Table 2, it should be noted that there is no correlation between the ligneous 
phytomass present and the pastoral value. This situation is due to the fact that the phytomass 
largely consists of plants which are more or less unpalatable to animals, or which make poor 
fuel. However, whatever the plants may be they play an important anti-erosion role. They also 
have a synergic effect on the germination of annuals and, as has been seen, enable the period 
of consumption on the rangeland to be lengthened. In addition, most of the ligneous species, 
even those refused by sheep and goats, are consumed by camels, giving rise to tender shoots 
which can then be browsed by other animals. 
It is therefore appropriate to manage vegetation properly and to think in terms of encouraging or 
propagating on a local basis some of these species, using techniques which still have to be 
established. In particular the following might be considered: Artemisia herba-alba, Echiochilon 
fruticosum, Agryrolobium and Rhantherium suaveolens. This does not rule out the continued 
planting of forage shrubs of different origins, ash is currently been carried out in southern 
Tunisia. 
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1. Soil and climate 
The soils in the pastoral development areas vary from one region to another. Primarily they 
consist of: 
a) sand dunes and sandy plains; 
b) undulating slopes dissected by wadis with sandy loam or loamy sand, and the occasional 
sand deposited in the wadi by wind erosion; 
c) stony plateaux dissected by sandy loam or loamy sand wadis. The plateau contains karstic 
depressions, water distribution areas and sebkhas. 
The climate is characterized by: 
a) low and irregular rainfall; 
b) effects resulting from the proximity of the desert: high evaporation, hot winds from the south, 
strong wind erosion. 
The dry period is very long in the summer and frequently lasts over six months. The rain is 
primarily concentrated in winter, between November and March. It varies in pastoral areas 
between 100 and 200 mm in the sandy coastal plains, between 100 and 150 mm on the coastal 
plateaux and between 75 and 150 mm in the project zone of the interior. 
The karstic depressions and wadis receive extra runoff water. 
2. The species introduced 
The pastoral development aspect of the project involves the improvement and increase of 
forage production and especially the planting of species which are productive under this climate 
and correspond to the soil situation in each of the pastoral units managed. The following 
species have been introduced. 
Acacia cyanophylla: on deep sandy soils, preferably on dunes; Acacia victoriae: on deep sandy 
soils, in a drier environment than Acacia cynophylla; Atriplex canescens: on shallower sandy 
soil; this plant adapts itself to very different ecological environments and is very resistant to 
drought, since the roots may reach a depth of 5 to 15 m; Atriplex halimus: this species is well 
adapted to local conditions and resists drought and saline conditions; it is planted in the sandy 
loam wadis with a fine texture; Atriplex nummularia: generally cultivated on widely differing soils, 
this plant adapts well to sandy loam soils in the wadis; Calligonum comosum: on shallow sandy 
soils in dry environments; Opuntia ficus indica inermis: on sandy to sandy loam soils, under 
relatively favourable rainfall conditions. 
2.1 Sandy plains area 
This pastoral zone has been divided into two units, each of which is subdivided into farms. This 
subdivision allows rational utilization of the areas. The farm area is calculated with reference to 
herd numbers, the productivity of rangeland, etc. 
Each farm contains a belt of browse shrubs in the more favourable sites, so to ensure the 
survival of herds during the critical summer and autumn months. The distribution of species is 
as follows:Acacia cyanophylla, 29%; Atriplexcanescens, 25%; Calligonum comosum, 
9%; Acacia victoriae, 7%; Opuntia ficus indica inermis, 30%. 
2.2 Mountain area 
The planting of browse species in this area is limited to favourable sites receiving extra runoff 
water, These are the wadis, the water distribution areas and the karstic depressions. 
The browse shrubs selected for planting in this area were limited in number, consisting of those 
varieties which have for many years been successfully grown under similar soil and climate 
conditions in Libya or in other North African countries. They were as follows: Atriplex halimus, 
50%; Atriplex nummularia, 50%. 
These two species are characterized by their: 
a) resistance to drought; 
b) good browse production; 
c) tolerance of saline conditions. 
2.3 Plateau area with wadis in the coastal zone 
The sites used for planting in this area are large and small wadis, and karstic depression often 
used to cultivate barley. The small wadis are equipped with banks arranged perpendicularly to 
the water flow direction. The species planted and the distribution were as follows: Acacia 
cyanophylla, 15%; Acacia tortilis, 2%, Atriplex halimus, 21%; Atriplex canescens, 21%; Atriplex 
nummularia, 41%. 
2.4 Plateau areas with wadis in the interior zone 
The favourable sites selected for planting were similar to those chosen for the previous zone. 
They were large and small wadis, areas of water distribution and karstic depressions. The 
species planted and the distribution are as follows: Acacia cyanophylla, 9%; Acacia tortilis, 
1%; Atriplex halimus, 66%; Atriplex nummularia, 25%. 
3. Plant breeding in the nursery 
The method advocated for planting browse species is to introduce plants already grown in the 
nursery and obtained from seed from an appropriate source. For this purpose we started four 
nurseries covering a total area of approximately 40 ha. The nurseries are equipped for 
producing the necessary young plants to a satisfactory quality standard. The nurseries in the 
pastoral development zones produced 20 million young plants during the 1978/79 growing 
season. 
We also installed artificial windbreaks designed according to aerodynamic standards to protect 
the young plants against hot winds and sand storms. These windbreaks gave very satisfactory 
results. At the same time natural windbreaks were also installed. Watering was carried out by 
using sprinklers, providing very fine drops of water which were evenly distributed on the nursery 
beds. 
3.1 The plants 
In order for planting to be a success we exercised particular care over the young plants while 
they were being raised in the nursery. 
The following factors were of primordial importance: 
 the balance between the leaf and root systems; 
 the abundant supply of rootlets in the form of root hair near the neck of the plant; 
 the fresh condition of the plant before being planted out. 
3.2 The seeds 
The ecological origin of the seeds was similar to the ecology of the project zones. The seed 
came primarily from arid areas in the United States, Morocco and Tunisia. 
3.3 The containers 
For raising the young plants we used polyethylene bags with holes in them. These were filled 
with equal amounts (33%) of vegetable mould, sand and loam. The results using these 
containers are satisfactory and this technique is a well tried and tested one in Tunisia. 
3.4 Age and height of plants 
Plants should not remain longer than six months in the nursery. At this stage their height is 
about 30 cm, the diameter of the neck should be equivalent to the thickness of a pencil. The 
plants are cut down to the optimum height whenever necessary. 
3.5 The difficulties 
Substantial difficulties arose during the raising of the plants. The hot, sand-laden winds blowing 
from the south, known as the Guebli, caused some damage. The windbreaks were fairly 
effective against these sand winds and limited the damage. 
Nurseries covering large areas are often well suited to the development of insects and fungi. 
Several insect attacks and outbreaks of sporophytic diseases were experienced, but these were 
quickly got under control. During the sowing period the swift rise in temperature posed problems 
for seed germination, especially in the case of Atriplex canescens. 
3.6 The results 
The results obtained in the nursery are generally satisfactory, if certain number of precautions 
are observed: 
 the quality of seeds; 
 the treatment of the seeds before sowing; 
 the depth of the seeds when sown in the containers; 
 the sowing period; 
 maintenance (watering, weeding singling and protection). 
The success achieved varied according to the species and The nursery: Atriplex canescens, 
40–60%; Atriplex halimus, 50 70%; Atriplex nummularia, 60%; Acacia cyanophylla, 70–
80%; Acacia tortilis, 40%; Acacia victoriae, 40%; Calligonum comosum, 60%. 
4. Planting 
According to observations in the field successful planting is largely due to good soil preparation. 
Most of the soils on the pastoral unit were degraded on account of overgrazing. As a result they 
have become resistant to permeation by rainwater. Furrows were dug for planting, so as to 
enable the infiltration and storage of rain water, as well as the elimination of competitive plants. 
The holes for the plants were dug by hand in the furrows. 
The favourable time for planting generally begins after the first autumn rains, when the soil has 
become sufficiently damp. Planting is carried out by hand and reaches on average 150,000 
plants per day, throughout the pastoral development zones. 
The following procedure was used for planting: 
a) the polyethylene sacks were removed; 
b) the plant was placed in the holes; 
c) the hole was filled with surrounding earth; 
d) the soil was pressed around the plant; 
e) a small basin was formed around the plant; 
f) superphosphate and nitrogen were spread in the basin; 
g) the plant was watered just after planting. 
4.1 Planting cacti 
The cactus joints introduced came from the Kasserine-Thala region in Tunisia. This is an area 
which ecologically resembles the project area in which the cactus was planted. The joints were 
collected at the end of February and were left exposed to sun and air for several days before 
being transported to the plantation sites. 
Some organic fertilizer was introduced into the cactus plantation furrows. Subsequently the 
furrows were covered over with a layer of earth. The planting holes were prepared by hand. The 
joints were buried up to half their length in the holes and the earth was pressed firmly round 
them. 
4.2 The results 
The criteria of successful planting are primarily the following: 
 survival after the dry period of the first summer; 
 growth in height; 
 plant vitality; 
 the number of new shoots (for cactus). 
a) survival after the dry period of the first summer; 
b) growth in height; 
c) plant vitality; 
d) the number of new shoots (for cactus). 
The most serious difficulties in recovery were recorded mostly after planting rather than after the 
dry summer period. Most of the plants which survive the shock of transplantation also survive 
the dry summer period. Very few failures were recorded for all species after the dry summer 
period. Raising good plants in the nursery, providing adequate transport, careful handling of the 
plants and the use of good planting out techniques considerably increase the chances of 
success. 
The following table shows the result for planting out after ten months for each species: 
Species Success rate 
(%) 
Height No. of new shoots (average) 
Acacia cyanophylla 70–95 40–170 cm   
Atriplex canescens      95 30–150 cm   
Atriplex halimus 80–95 40–120 cm   
Opuntia ficus indica      95   4 joints 
5. Conclusion 
The planting of Atriplex canescens, Opuntia ficus indica inermis, Atriplex halimus and Atriplex 
nummularia may be considered successful on account of: 
a) resistance to drought and survival after summer; 
b) resistance to cold; 
c) growth in height and good development of the plants. 
Acacia cyanophylla poses problems during plant out. The recovery rate of Acacia cynophylla is 
les good than that of Atriplex, but the growth of successful plants in areas where the species 
was introduced is remarkable. It is too early yet to pronounce judgement on Acacia 
victoriae, Acacia tortilis and Calligonum comosum, at only four months of age. However, the 
latter species is already providing encouraging indications. 
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Multiple use of fodder trees and shrubs — a world wide 
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1. Introduction 
Fodder trees and shrubs the world over have provided many benefits to man and his animals 
throughout the ages. The uses made of this vegetation are traditional and often taken for 
granted, even to the point of resource destruction. This destruction may be due to a lack of 
knowledge regarding limits of plant tolerance to regulated use or to excessive exploitation 
resulting from over-population of livestock and people. 
Destructive exploitation is something justified on the basis of a philosophical belief that man has 
a God-given right (Box, 1978) to have dominion over the land and animals therein. When tribal 
or familial rights to overuse fodder trees and shrubs for various purposes are not questioned, 
problems are created for future generations by narrowing the margin of safety for maintaining 
this renewable natural resource. Desertization of (Le Houérou, 1976), or a drastically reduced 
productivity of, many world areas attest to the continual abuse by man of this planet's vegetation 
resource. 
Over the ages, however, practices have been developed that foster wise use of tree and shrub 
resources and do not destroy them: livestock use can be restricted to seasons when regrowth 
ability is not destroyed, pruning and harvesting of products can be done on a rotational basis 
that allows time for regeneration and return of vigour, soil fertility can be maintained by planting 
or retaining species that are symbionts in nitrogen fixation, and livestock can be herded to 
prevent their continued overuse of certain plants and simultaneously give them best possible 
forage choices. 
Increased population pressure and cyclic droughts such as occurred in the Sahel in 1974-76 are 
two major factors forcing drastic changes whenever rational management of arid and semi-arid 
shrublands is a goal. Failure to institute the needed revisions may be the result of a low 
appreciation of the tremendous value that trees and shrubs offer to mankind, an inadequate 
knowledge of their biology and potential responsiveness to management, or an inability to apply 
appropriate management strategies to protect this natural resource because of economic and 
demographic pressures. When multiple use can be justified and managed, it should be 
encouraged because the additional uses help to better justify or support the principal use, which 
generally is livestock browsing. 
Obviously, fodder shrubs and trees have been overlooked in proportion to the research effort 
devoted to agricultural cropland, pasture grasses and fruit tree crops. Although they are the 
most visible plant forms in arid lands, shrubs have been neglected in almost all scientific 
research (McKell, 1974) and land management policies (Le Houérou, 1972). Motivated by a 
desire to increase livestock forage and reduce the density of low palatablity shrubs, numerous 
research efforts have concentrated on methods for shrub eradication (Cook, 1958) or control 
(Scifres et al, 1973). Many examples of shrub control efforts have been cited in a text book on 
Range Improvements and Development (Vallentine, 1970). The magnitude of these efforts have 
inclined many students, research workers and land managers toward the biased view that most, 
if not all, shrubs are of low-value and only by converting shrublands to grasslands can a 
productive system be obtained. This approach overlooks opportunities for making multiple use 
of shrubs for wildlife habitat, fuel, maintaining soil fertility and soil stability, and balancing forage 
nutrient quality during the dormant season of grasses. An international symposium on the 
biology and utilization of wildland shrubs (McKell et al, 1972) attempted to overcome this bias 
against useful shrubs. Certainly there must be agreement that worldwide problems in energy 
supply and cost have implications for the way in which low-value natural resources of arid and 
semi-arid lands can best be managed in the future and make urgently necessary the 
implementation of knowledge presently available. 
This paper can neither review world literature on multiple use of shrubs nor provide a state-of-
the-art discussion because of the magnitude of these tasks and the short time available. Rather, 
its purpose is to set the stage for the discussions to follow, identify some areas where 
opportunities for development exist, and highlight available knowledge as well as point out 
deficencies in knowledge. The paper contains praise for the virtues of shrubs relative to man's 
needs and suggestions for improving management to realize these virtues. Inasmuch as the 
distinction between trees and shrubs in many cases is only one of size or form, in this paper the 
term shrub will include small trees as well. 
2. Multiple use aspects 
2.1 Grazing use 
Vast areas of the earth's surface sustain a vegetative cover whose shrubs and small trees 
provide feed for domestic livestock and wildlife. By various adaptations, shrubs survive and 
even thrive under environmental conditions so difficult they preclude highly productive grasses 
and forbs. Le Houérou (1978) pointed out that nearly one third of the world's land surface is 
natural grazing land and to varying degrees the shrub component of these grazing lands is an 
important source of animal feed. 
In West Africa, Boudet (1970) pointed out the valuable role of shrubs in supplementing the low 
nutritional value of standing grasses during the dry season. Increasing pressures on the land 
could be ameliorated by planting Acacia albida and bamboo to serve also as windbreaks. 
In North America, shrubs of the Great Basin desert rangelands provide 50 to 70% of the diet of 
sheep and 40% of cattle that graze these lands during the winter (Cook and Harris, 1968). At 
the Great Basin Experimental Range, Holmgren and Hutchins (1972) found this salt desert 
shrub range type to be an adequate "holding area" for maintenance of breeding or gestating 
livestock that utilized the living twigs of dormant browse plants in the winter. Our recent work 
(Otsyina et al, 1980) suggests proportions for interplanting palatable shrubs of high nutritional 
value in rangelands seeded to crested wheatgrass (Agropyron desertorum). Such interplanting 
would enhance late fall-early winter grazing potentials at a time when wheat grass alone is only 
about 25 percent adequate in digestible protein. 
Forti (1971) reported that introduction of shrubs to the northwestern Negev could create a new 
ecosystem to provide high palatability browse but also interact with certain low-growing 
introduced species to increase their productivity. He also pointed out an often-recognized fact 
that shrubs could withstand and survive under intense grazing. Gasto (1971) reported 
using Atriple repanda in an artificial forage plant community structure which optimized space by 
stratifying levels of plant overstory and thus increase the potential productivity. A report by the 
US National Academy of Sciences (1979) declares that tropical legumes are important 
resources for the future. Information assembled on Cassia sturtii, Desmanthus virgatus, 
Desmodium species, Honey locust and Leucaenadescribes the opportunities for use and some 
management practices presently employed. Names of references who can be reached for 
specific information are listed. In addition, the report describes 
how Acacia and Prosopis species in several world locations are managed and used for multiple 
purposes. Le Houérou (1978) summarized data from various world locations indicating a high 
dependence of grazing animals on shrubs to satisfy their protein requirements, especially during 
seasonal dry periods. Without such shrub grazing in dry seasons to complement the forage 
available during moist seasons the entire cycle of livestock use would be in jeopardy. 
2.2 Firewood 
Fuel from shrubs has been minimally discussed in the literature. Nevertheless, cutting or 
grubbing out shrubs to be burned as a fuel for cooking and heating constitutes an important use. 
More important, this use seriously depletes the vegetation resource. Desperation or ignorance 
may lead to the removal of all shrub and tree species regardless of their values if left in place. In 
his research on the ecology of desert shrub rangelands in Iraq, Thalen (1979) pointed out the 
destructive nature of fuel cutting on shrublands bordering settlements. He estimated 25 kg per 
day to be a family requirement for cooking and heating in cold seasons. Van Der Veen (1964) 
estimates that 40,000,000 Haloxylon shrubs, equal to a thousand hectares of dense shrub 
vegetation, are burnt yearly in Syria to prepare tea! 
Woody fuel gathering and transport back to villages is a common sight in developing countries 
where petroleum-based fuel sources are unavailable or too expensive. Unfortunately, as 
pressure mounts for an increase in production of charcoal (Kabagambe, 1976) greater 
emphasis shifts from woodlots to the use of trees and shrubs of rangeland areas. In some areas 
where the shrub resource is already depleted by removal for fuel or by overgrazing such 
additional pressure is disastrous. Changing long-standing cutting practices such as restricting 
cutting to top growth so that the plants can regrow may be difficult. 
Combined and unrestricted use of shrubs for both grazing and cutting for fuel is a destructive 
practice. Thalen (1979) pointed out that grazing alone will not destroy shrubs because livestock 
will move on before all vegetation has disappeared leaving the woody stems to regrow. Fuel 
gathering, although more restrictive in area, destroys the remaining crown at the surface level. 
A more expensive alternative is to plant desirable species that may satisfy fuel as well as other 
needs such as browse or soil fertility maintenance. Where dense shrub growth exists removal of 
the less desirable species for making charcoal would at the same time release good browse and 
forage grass species from competition and stimulate their growth. 
Energy from woody biomass is being investigated as an alternative fuel for industrial use 
through pyrolysis or bioconversion to a liquid or gas fuel. Van Epps et al (1980) have found that 
selected shrub populations growing in favourable sites of the Great Basin can produce as much 
as 458,000,000 Kcal/ha of energy. Shrubs are generally equal in heat value to low quality 
bituminous coal (7500 BTU/lb). Other indices of biomass yield from arid lands range from 
10,000 kg/ha/yr for Atriplex canescens (Goodin and McKell, 1971) to 28,160 kg/ha for Prosopis 
chilensis in the Imperial Valley of California under irrigation (Felker et al, 1979). However, under 
less favourable conditions an annual yield of 4,000 kg/ha was considered a reasonable 
production. 
2.3 Soil fertility maintenance 
A recent publication by ICRAF, the International Council for Research in Agroforestry, (Mongi 
and Huxley, 1979) focuses on the role of trees and shrubs in maintaining soil fertility in 
forest/agricultural ecosystems. Legume trees and shrubs offer a low cost alternative to 
maintenance of soil fertility in developing countries and areas where the expense of artificial 
fertilization would not be economically feasible. According to ICRAF the focus of soils research 
should be on studies in marginal lands, rehabilitation and protection of disturbed ecosystems, 
improving soil and water conservation, investigating the efficiency of traditional agroforestry 
practices, evaluating the efficiency of N2 fixation and ways to exploit the process, study "nutrient 
pumping" by deep rooted perennials, determining optimum fallow period, and developing ways 
to use woody perennials to stabilize agricultural systems. 
Charley (1972) reviewed various aspects of how favourable soil fertility resulted from the 
presence of shrubs. He pointed out that soil nutrient information on arid ecosystems was both 
geographically and biologically diverse. Most of the soil nutrient capital is near the surface and 
not in the sub-soil except in relation to rooting pattern. Le Houérou (1979) gave several 
examples using agroforestry techinques to enhance pasture and crop production. Felker and 
Bandurski (1979) characterized an ideal food crop tree as one that would concurrently enhance 
soil nitrogen levels. 
Shrubs and trees have been used in various cropping practices where they were deemed 
critical to the maintenance of soil nitrogen and other elements essential to plant growth. This 
application is limited in value to specific areas but generally advocates of high intensity 
agriculture have ignored any potentials for contribution of legume trees and shrubs to soil 
fertility. 
Desert fertility is intimately tied to the shrub species that make up its vegetative cover. Garcia-
Moya and McKell (1970) showed that nitrogen was concentrated in the soil under the canopy of 
shrubs and in shrub tissues, thus constituting "islands of fertility" in the desert ecosystem. West 
and Skujins (1979) reviewed sources of nitrogen in desert ecosystems and the processes by 
which it is cycled. Shrubs play a vital role in this cycling process. Destruction of shrubs, 
especially those that promote symbiotic N-fixation can cause a significant reduction in 
ecosystem productivity. 
Numerous reports have been made of the favourable soil productivity impact of Prosopis 
cineraria in agropastoral systems in Pakistan. Shankar et al (1976) reported that range grass 
productivity was found to be nearly doubled under a P. cineraria canopy relative to other legume 
trees. In addition to an increase in soil nitrogen, other soil characteristics such as pH, organic 
matter, P205 are also more favourable under a tree of shrub cover (Charley 1972, Ebersohn and 
Lucas 1965, Charreau and Vidal 1965). 
The Dehesa live oak woodland of the Spanish Estremadura is managed in a mixed farming 
system of winter cereals and cultivated fallow, which are followed by several years of pasture in 
which diminutive legumes add modest amounts of nitrogen. The natural populations of trees 
and shrubs serve as a stabilizing agent in the system although 2,000 plus years of taking off 
more soil nutrients in crops than are cycled back home left this system producing at a bare 
fraction of the original potential (Young and McKell, 1976). 
Increased productivity as well as a shift in species composition from Bromus mollis to Bromus 
rigidus is attributed to the presence of blue oak (Quercus Douglasii) in the annual range type of 
California (Gordon and Sampson, 1939) whether elimination of blue oak as a range 
improvement practice would ultimately reduce the level of forage production is not known but 
may be expected based on observations from other ecosystems. 
In the areas of the Sahel where annual rainfall permits marginal cropping, the increased 
nutritional status of the soil under canopies of Acacia albida makes possible a two and one half 
times better production (Wickens, 1976, quoting from Charreau and Vidal, 1965). 
One of the most striking examples of potential soil nutrition enrichment by a shrub/tree species 
is that of Leucaena leucocephala. Reports from field trials in Hawaii indicate a benefit of 500–
600 kg/ha/yr of N if the foliage harvested at 3-month intervals from this plant were mulched into 
the soil (U.S. National Academy of Science, 1977). It may be possible to develop drought 
resistant strains of this species as indicated by survival of one-metre tall plants introduced at the 
Kiboko Experiment Station in Kenya by an FAO project on genetic resources. However, soil 
nitrogen contributions under arid conditions by Leucaena are not known. 
2.4 Wildlife habitat 
Habitat that provided suitable cover, food and behavioural activities is critical to maintaining 
wildlife populations (Talbot and Talbot, 1961). Many countries in Africa depend heavily on a 
tourist industry that is based on the viewing of unique wildlife species. Big game species and 
upland birds are constrained by the size and quality of habitat that is under pressure from 
agriculture and community encroachment. Areas degraded by over use may need to be 
restored (Plummer et al, 1968). Some animals have very specific habitat requirements involving 
certain plants and plant densities without which their populations would decline. A recent 
compilation of habitat requirements in the arid and semi-arid United States to guide habitat 
rehabilitation indicated that some animals are restricted to few vegetation types while others use 
a broad range of types (Institute for Land Rehabilitation, 1978). Competition between wildlife 
and livestock for forage and browse has caused serious problems in many areas of Africa, 
especially in areas close to National Game Parks. Vegetation management such as clearing 
shrubs and trees in a corridor around game parks to deter migration or better control of fire to 
increase shrub density may be a means of reducing the areas of conflict. However it is less 
likely that increasing shrub density would deter big game species because shrubs are generally 
important to their cover and escape requirements. On the other hand, continued herding 
livestock into bomas (night holding corrals) for protection is often a necessity in many areas 
where carnivorous wildlife occur (Pratt and Gwynne, 1977). 
Opportunities for complementary browsing should not be overlooked. For example, eland thrive 
on browse (Pratt and Gwynne,1977) and, whether domesticated or not, this species could 
exercise some control over woody vegetation not preferred by other animals. Jensen et al 
(1972) have shown that grazing by sheep or cattle for a short period in the early growing season 
on areas reserved for wildlife can provide additional grazing units without harming browse-
dominated vegetation. Studies of this type are needed when conflict for livestock use and 
wildlife habit-use occurs. 
2.5 Control of desert encroachment 
The International Conference on Desertization in 1977 brought to the fore some of the critical 
locations where desert encroachment threatens villages, roads, structures or agricultural areas 
with drifting sand and soil particles (Rape et al, 1976). Equally important was the discussion of 
physical processes and inappropriate resource management practices that accelerate the 
processes of desertification to marginal lands in many world locations. Shrubs can be important 
in the restoration of soil stability and vegetation cover of lands destabilized by improper use. 
Shrubs interfere with wind currents near the soil surface thereby increasing turbulence and 
cause wind born soil particles to be deposited. In addition, shrubs stabilize the surface soil and 
retard aeolian soil movement. 
Plantings of saltbush and other drought and salinity-tolerant shrubs effectively stabilized an 
extensive area of wind erosion in Iran (Shaidee and Nickxnan, 1974). Substantial plantings 
of Acacia albidaand other species in the Sahel hold promise for future land stability (Weber and 
Dulansey, 1978). The selection criteria and establishment methods described by Van Epps and 
McKell (1978) may provide some guidance to land stabilization practices. 
Of all the multiple uses of browse species in arid lands, provision of livestock feed appears to 
have the highest priority because of the animal products that are subsequently produced. Wise 
management of livestock grazing use can facilitate additional uses. 
2.6 Medicinal and industrial products 
Numerous medicinal uses are made of arid land trees and shrubs. Some properties are of 
documented values while others may be mythical and legendary. Krockmal (1972) touched on 
the subject of medicinal uses in his shrub symposium chapter. McKell et al (1968) described 
some medicinal and industrial uses of range plants in a symposium in Monterrey, Mexico. Some 
of the uses they discussed varied from gum arabic obtained from Acacia senegal and used in 
the cosmetics and pharmaceutical industry as adhesives and carriers, to latex obtained from 
Guayule (Parthenium argentium). Interest is now high in the potential for obtaining a quality 
lubricating oil from Jojoba (Simmondsia chinensis) which could replace scarce sperm oil from 
whales. Gooding and Northington (1979) include many examples of new products from arid land 
plant resources in their symposium proceedings. Another review of new plant products from arid 
lands was published by the US National Science Foundation (Theism et al, 1978) and included 
some interesting products from shrubs such as berries from Sheperdia argentea, latex from 
Guayule (Parthenium argentatum. pine nuts (seeds) from Pinus edulis, herb leaves and grain 
seeds from Atriplex hortensis (also known as A. patula). 
2.7 Construction 
Although not generally considered as a suitable building material for large structures, shrubs 
and small trees are used considerably by people in rural areas for houses, shelters, animal 
pens, and fences. Without shrubs mud-plastered walls of many structures would lack the 
strength provided by woody stems woven among the supporting poles. Many useful implements 
and household tools are made from sticks and stems from trees and shrubs. Bark and fibres 
taken from woody plants also find use in construction as a framework and matrix for baskets, 
shelters and chinking material in walls made from poles or boards. 
2.8 Windbreaks 
Large shrubs and small trees offer protection from the erosive force of wind by serving as 
windbreaks. Even in areas where trees are less adapted the wind-breaking force of shrubs is 
important to prevent the destructive action of windblown sand particles (Bagnold, 1941). 
Planting of windbreaks on the margins of fields, roads, livestock holding areas and settlements 
opens up several opportunities of multiple uses such as browse, food, and fuel. In such areas 
there is a good likelihood of favourable plant growth as a result of increased soil fertility 
associated with the deposit of fine soil particles as well as water harvested from adjacent areas 
where plant growth is restricted by traffic or use. 
2.9 Landscaping 
Landscaping with native shrubs can provide an improvement in natural beauty and only requires 
minimal maintenance. Although landscaping gets little if any attention from people under poverty 
conditions, the presence of multiple use shrubs around a dwelling or livestock pens can shade 
the structures from the direct rays of the sun and also provide food and some 
protection. Opuntia species serve well in these conditions (Natural Vegetation Committee, 
1973). 
3. Nutritional values of fodder trees and shrubs 
Various parts of browse species have been chemically analyzed at different development 
stages. A major contribution to understanding browse chemical composition was published thirty 
three years ago (Imperial Agricultural Bureau, 1947). Subsequently, browse data of a wide 
variety have been published (National Research Council, 1959, Everist, 1969, Wilson, 1974, 
Soikes et al, 1970). Additionally, many reports of chemical constituents have been included in 
descriptions of browse species from various regions. Some examples are: Wilson (1977) on 
Australian trees and shrubs, Cook (1954) for the Great Basin of the US, Dougall et al (1964) for 
Kenya, Rose-Innes and Mabey (1964) on browse plants in Ghana, and Sokies et al (1970) for 
the Altiplano of Peru. Many additional references could be added to this list. Our symposium 
organizer, Dr. Le Houérou, has assembled an impressive array of references on chemical 
composition of browse with an emphasis on tropical West Africa. 
Given the impressive list of publications dealing with chemical composition of browse plant 
tissues, an important goal is to determine the significance of such values in light of large 
differences in free-choice preference of animals for individual browse species and plant parts. 
One important problem is to determine the nutritional relevance for each livestock species of 
such measurements as total nitrogen, nitrogen free extract, ether extract and others. Extensive 
feeding and digestion trials make it possible through regression equations to determine the 
nutritional significance of certain types of analytical data (Harris 1970) when unique sources of 
feed such as browse are being considered. Clearly, much work needs to be done to determine 
the true nutritional value of browse species that are used at various seasons by particular 
animals. For example, sagebrush (Artemisia tridentata) has a relatively high energy content but 
not all of the indicated energy value is available to an animal because a portion of the energy-
yielding base is from volatile oils which may not be easily metabolized by the animals but more 
importantly, their presence reduces plant palatability. 
For various reasons, animals eat some shrubs in preference to others, as has been shown by 
Dougall and Bogdan (1958) and Dougall et al (1964). Spines, rough surfaces, stout stems, salt 
content, volatile oils or various other characteristics may be responsible for such palatability 
preferences as exercised by various types of animals. Hanks et al (1971) have shown that 
sagebrush plants with a high phenolic content were often the least browsed by deer in winter. 
Other substances and/or characteristics need to be better understood if valid selections are to 
be made of populations within species for multiplication to be used in seeding or planting. 
Intensely grazed plants, however are a good indication of high palatibility — unless animal 
numbers are much in excess of the carrying capacity of the range and forced grazing is 
occurring. Species or plants within species that can sustain intense browsing should be 
emphasized in grazing land plantings. 
Shrubs provide their greatest benefits to grazing animals during periods of nutritional stress 
when the nutritional value of dormant grasses and forbs is low (Cook, 1972, Draz, 1974, 
Novikoff, 1977, Van Epps and McKell, 1977) or when there is little forage except shrubs 
available because of drought (Le Houérou, 1976, Everist, 1969). The value of browse shrubs 
was central in Bulletin 10, "The Use and Misuse of Trees and Shrubs as Fodder" (Imperial 
Agricultural Bureau, 1947). Authors of that publication recognized the widespread value of 
shrubs as a stability factor in grazing land productivity but suggested that areas of high potential 
or where bush encroachment had occurred could be made more productive by substituting a 
grass forage. Millions of hectares, however, are stable only if they support a combination of 
shrubs, small trees, and forb-grass understory and should be utilized only under a programme 
of ecological management. Some of the gaps in knowledge mentioned in Bulletin 10 have been 
filled, but the hope for improved range conditions which would include shrubs has not 
materialised due to drought and increased animal grazing pressure. This challenge is still with 
us but to meet it will require palatability evaluations and management opportunities. For 
example, Fort (1971) concluded that sheep preferred groups of species rather than single 
species. Further, he showed that the 14 shrub species he studied had excellent ability to 
recover after severe browsing. Progress is being made as evidenced by plantings of large 
blocks of land to fodder shrubs in North Africa (Ionesco, 1979), Syria (Draz, 1977), Iran 
(Shaidaee and Nicknam,1974), and other locations. 
Many shrub species have been recognized for their values as a green feed during periods of 
forage deficiency as well as other uses. Le Houérou (1978) reviewed potentials of fodder trees 
and shrub species from a world-wide forestry perspective. Earlier, papers presented at the 
International Shrub Symposium outlined some of the uses and potentials, in Australia (Everest, 
1972), the Mediterranean region of Africa (Le Houérou, 1972), Asia (Petrov, 1972), South 
America (Soriano, 1972), North America (McGinnies, 1972), and India (Dakshini, 1972). In 
North America, fourwing saltbush (Plummer et al, 1966), antelope bitterbrush (Guinta et 
a1,1978), and winterfat (Stevens et al, 1977), are highly favoured for livestock and wildlife feed, 
and are utilized primarily in mixed rangeland stands. 
4. Biological information on browse species 
Improvement programmes for multiple use grazing lands should include plants of the highest 
possible biological potential. Information on shrub biology is deficient in many areas, however, 
and difficult to obtain from numerous worldwide sources. Computer-based data retrieval 
systems often fail to yield desired information because of inappropriate or inadequate 
designation of key words related to the nature of the research. Authors preparing key-words for 
their manuscripts should take care to properly identify the major points of their work and include 
appropriate designations of environment and use such as "arid land", and "grazing use". One 
desired outcome for scientists attending this symposium is their greater awareness of 
information sources and access to additional data about the biology of high potential shrubs. 
Field observations have provided many data about animal use as it occurs under certain 
ecological conditions. From this information we have learned to predict a potential range of 
adaptation and possibilities for expanded use. Thus, we can describe what species exist in an 
ecological niche with some degree of success and to a lesser degree what we must do to put 
the biological potential of specific browse species to good use(s). Because of our persistently 
inadequate knowledge on the biology of shrubs, however, we know very little as to how certain 
management practices function or how to make them more effective. 
This lack of background information prompted the publication of a fact-filled applied bulletin 
entitled, "Underexploited tropical plants with promising economic value" (National Academy of 
Science, 1975) which included data on several shrubs that have multiple use possibilities. 
Valuable information on shrub biology was assembled in the Proceedings of the 1971 
International Shrub Symposium and in the comprehensive treatment of shrub radio-ecology and 
ecophysiology by Wallace and Romney (1972). The extensive reports of research from the 
International Biological Program (IBP) Desert Biome represent another source of basic 
information. Several synthesis volumes from the IBP Desert Biome project are available or in 
press, and provide new information on deserts and their ecological functions. The general 
insufficiency of data for many geographical areas and subject matter topics represents a 
challenge to the present symposium. Dr. Le Houérou has identified a list of knowledge gaps that 
should receive a high priority for investigation. Gaining knowledge in these priority areas should 
further assist the development of multiple use management practices. 
A useful conceptual approach for researchers seeking ways to develop browse shrubs for 
multiple uses is to keep in sight the relationship of the specific research to the biology of the 
species and how derived information can be put to use. Because of the opportunities, if not the 
necessity, for multiple use, the implications for related applications need to be borne in mind. 
For example, this interrelationship is the guiding force in a new research project at Utah State 
University which concentrates on "ecosystem reconstruction" following drastic disturbance. In 
this project soil physical-chemical processes are seen as being of direct concern to the 
establishment of shrubs and grasses individually and in early plant community distribution 
patterns. Plant survival is conditioned by a host of interacting factors ranging from soil 
processes of moisture supply, mycorrizal inoculation, and nutrient availability to aerial factors of 
temperature, insect parasites, and seedling competition. Because they must plan for post 
disturbance land uses of watershed, livestock grazing, and wildlife habitat after achieving a 
stabilized hydrologic system the research team is not only given rigour but also meaning to their 
pursuit of the project. The intent of all browse research should include: to make the browse 
system work better, produce more effectively and be a stabilizing influence on the ecosystem. 
5. Improved management practices for shrub dominated lands to 
assure multiple use benefits 
Few arid and semi-arid lands used for grazing and other purposes are currently producing at 
optimum levels. With improved management these lands could be more productive and stable. 
However increased understanding of available management practices and the biology of plants 
and animals is needed. Undoubtedly social changes must also be initiated but these must be 
worked out in conformity with local customs and values (Gonzalez, 1978). 
Five major questions must be addressed to ensure the optimum use of shrub-dominated 
grazing lands. These problems are:  
1) How much intensity of use or kinds of use are possible within the capacity of plants to 
maintain productivity? 
2) How can undesirable plants be kept from invading or increasing in areas where desired 
species are under intense use? 
3) What measures are available to control poisonous plants? 
4) How can a desired balance of species be maintained to provide optimum productivity and 
ecosystem stability? 
4) What are the best methods of establishing or replacing desired species to meet multiple use 
requirements? 
Capacity to sustain use depends to a great degree on the inherent biological constitution of the 
plants involved. Critical periods of phenological/physiological development should be 
understood and grazing avoided at those times. Replenishment of carbohydrate reserves must 
be considered in determining the intensity and timing of defoliation. George (1976) showed that 
continued removal of new growth of snowberry (Symphoricarpos oriophilus) depleted carbon 
reserves to the point that plants died even though a portion of stored carbohydrate was still 
present, but apparently not available for translocation from storage tissues. Various experiments 
in clipping browse at various times of the year have shown that regrowth can be stimulated as 
long as growing points are not destroyed. Willard (1972) found that the highest number of new 
shoots and the most favorable shoot survival was associated with a simulated 
management/utilization schedule resembling rest-rotation grazing. 
Removal of the bark (Phloem) of cork oak (Quercus suber) is an example of timing the harvest 
of a product that cannot be repeated too frequently or both a low quality product and damage to 
the plant would occur. Lopping off shrub or tree stems for emergency feed in Australia has its 
limits (Everist, 1969). The frequency of severe pruning of oak trees in Spain must allow time for 
recovery in order to assume production of acorn crops. Proper use factors were developed for 
certain grasses, forbs and shrubs as a guide to grazing management and to estimating the 
number of animals that could be allowed to graze a rangeland unit (Stoddard et al, 1975). Such 
proper use factors were often developed from observation rather than experimentation but the 
principle remains the same. Standards must be developed and used in relation to any 
management plan that seeks to optimize a multiple use plan. 
Control of undesirable plants is a necessity where differential use within a plant community 
places an extra burden on the desired species. Uncontrolled plant competition plus grazing 
pressure will result in an increase in the less palatable species or those that are not grazed. 
Control measures may be drastic such as selective herbicides or mechanical means as 
reviewed by Vallentine (1969), or more subtle methods such as changing the season of use or 
livestock. For example West et al (1979) found that in rangelands grazed by sheep in the fall the 
average longevities of major grasses were enhanced, whereas the longevity of three-tip 
sagebrush (Artemisia tripartita) was reduced. Where shrub species of low value tend to 
dominate their abundance can be reduced by concentrating goat use on target areas as 
reported by Provenza (1978) to have occurred in southern Utah in controlling 
blackbrush (Coleogyne ramosissima). 
Control of poisonous plants can be a serious problem because of the lack of selectivity in 
available chemical and mechanical methods. Control by hand labour is a good possibility in 
areas of low cost labour but the gained security value for grazing use must be worth the control 
costs. Selectivity by animal preference is a possibility if based upon careful observation. For 
example, Solanum incanumis known as a poisonous plant to cattle in East Africa but it is 
palatable to goats (Kloetzii, 1978) and is thus amenable to control through management if 
conditions warrant. Sheep grazing desert shrublands in the Great Basin of the western USA 
must be carefully herded and managed so as to avoid their over-consumption of the poisonous 
weed Halogeton glomeratus, which contains oxalic acid. Low amounts of 
ingested Halogeton can be tolerated if taken in with other forage species. Chemical control of 
the weed is impractical because of its widespread occurrence but close relationship 
to Atriplex species which are also members of the family Chenopodiaceae. 
5.1 Grazing management to maintain a favourable species balance 
Shrub-dominated grazing lands can easily shift in botanical composition to a less-productive 
state if proper management of some degree is not applied. Differential grazing preferences will 
reduce the vigour and/or numbers of palatable species and thus allow less palatable plants to 
exert undue competition. In a grazing study extending over 30 years on the desirable species, 
Holmgren and Hutchins (1972) found that plant composition shifted in response to season of 
use, intensity of use and type of livestock use. Grazing by sheep tended to encourage grass 
dominance whereas cattle grazing encouraged shrub dominance. Late winter grazing resulted 
in the loss of valued spring forage species. A highly palatable species, Artemisia nova which 
was used under heavy winter grazing, has been replaced by Chrysothamnus stenophyllus, a 
species of low palatability. Even within a species, the different strains-or biotypes that are more 
palatable will tend to decrease in proportion. Parker (1978) theorized that old shrub plants in a 
rangeland site were the least palatable ones within the population and represented the end 
product of palatability selection. He further recommended a fast-chaining as a moderate range 
improvement practice to uproot the old brittle plants but leave the younger, lower, pliable plants 
that have had less selective pressure for palatability. 
Grazing management practices that reduce the selectivity of animals for a given species while 
leaving others free to compete with the grazed plants can help maintain a favourable species 
balance. Corbett (1978) allows livestock to graze for a short duration and does not return them 
to the same area until it has recovered. Some adaptation of a high intensity-low frequency or 
rest scheme may help to minimize grazing induced plant succession (McKell and Norton, 1980). 
5.2 Establishing plants for multiple use 
Many areas where shrubs are needed for various uses have been depleted of their woody 
cover. In spite of the aggressive nature of shrubs and their high adaptability to arid conditions 
they cannot survive excessive use. Reestablishment of an effective shrub population is thus 
necessary even though seedling establishment is difficult because of drought, disease and 
destruction by insects and small mammals. Considerable information is needed about shrub 
seedling biology to sustain a revegetation effort. The woody plant seed manual (USDA, 1974) 
provides data on seed characteristics, areas of adaptation and germination requirements on 
many useful shrubs and trees of North America. Such data would be helpful if available for other 
continents. 
Addition of new shrubs to a plant community can be obtained by natural regeneration only under 
rare circumstances when ecological conditions are favourable. At such times the competition 
between perennial and ephemeral species is great and unless the favourable moisture and 
temperature regime is sufficient the perennial species perish. 
Two alternatives to waiting for natural regeneration are seeding and transplanting (Vallentine, 
1969). Seeding may be accomplished by broadcasting seed by hand or from a vehicle but is of 
minimal effectiveness and wastes seeds unless they are covered by soil. Seeding with a drill 
implement is more effective than broadcasting but is limited to relatively level topography. 
Plummer et al (1968) have tested and recommended 10 principles for restoring big game range. 
These principles included developing a rational seeding plan for suitable sites of adequate 
precipitation and for using a sufficient quality and quantity of adapted species in a season of 
highest suitability. Even with drill seeding, the chances for success can be low in areas of low 
and erratic rainfall. Bleak et al (1965) reported numerous failures in seeding grasses in the salt 
desert shrub vegetation type of the Great Basin and recommend native shrubs as an alternative 
to grasses. Better techniques for drill seeding are needed to make this relatively low-cost 
method effective for arid and semiarid lands. 
Transplanting of container-grown seedlings or cuttings is a high labour alternative to drill 
seeding. Because older seedlings are used the hazards normally eliminating tender young 
seedlings are not as critical. Even so, care must be taken in propagating container-grown plants 
and in planting them sufficiently deep in moist soil to assure survival (Institute for Land 
Rehabilitation, 1979). Planting large blocks of fodder shrubs requires an organized programme 
of seed preparation, planting in containers, nursery or greenhouse growth of seedlings and field 
planting. Cooperation of a forestry nursery unit to provide field-ready seedlings as reported by 
Draz (1977) in Syria can help to increase chances for success. Involvement of local people in 
planting the seedlings gives them a sense of project participation and concern for the success of 
the project. Limited information or seed sources may result in a decision to plant a single 
species but this should be avoided if possible. A mixture of ecologically adapted species is 
generally more desirable than a single species — especially if that species is from a single 
collection or location. 
Protection from use for a suitable period of time is essential to allow plants to gain an adequate 
root system and plant vigour. Subsequently, the intensity of use should not exceed the capacity 
of the planted species to sustain use. The attitudes of local people need to be considered in 
planning the development programme (Gonzalez, 1978). This caution would hardly seem 
necessary but without a management plan that prevents overuse, shrub and tree plantings 
cannot survive as has been seen in a number of locations. Involvement of local farmers and 
livestock growers has the advantage of training them in the management of shrubs and gives 
them an appreciation for protecting seedlings until they are ready for use (Weber and Dulansey, 
1978). 
Summary 
Shrubs have been universally used for many purposes by grazing societies through the ages in 
the world's arid and semi-arid lands. Use and management practices have evolved to deal with 
the different animal habits and plant characteristics. 
Recent efforts to improve grazing land productivity have emphasized grasses rather than shrubs 
and have helped increase the dominance of less palatable or even noxious shrubs while 
ignoring the values of shrubs except as an emergency feed. 
Identified values of palatable shrubs indicate they are a highly favourable source of protein and 
other valuable animal nutrients. Actual nutritional values are not clearly known however 
because of characteristics that may limit palatability and utilization, ie. volatile oils, spines and 
woody "hedged" growth habit. Provision of green feed for animals in periods of low nutritional 
value of grasses and forbs is a major advantage offered by shrubs. Equally important is their 
importance in providing a drought reserve when other forage sources are in drastic short supply. 
Biological information on the various shrub genera and species is inadequate to serve as a 
basis for developing the full potential of browse in increasing forage, stabilizing watershed 
areas, improving wildlife habitat, combating desertization and improving soil fertility and 
ecosystem functions. Particularly necessary is information on seed biology, establishment, 
factors influencing growth, insect and disease resistance, response to defoliation and 
management, reproduction and longevity. 
Management practices need to be improved to optimize the advantages shrubs offer for multiple 
rangeland uses. Better methods for direct seeding or transplanting seedlings under stressful 
conditions are needed. Selective control of noxious plants and unwanted plant competitors 
could improve browse productivity. Improved livestock management methods are needed to 
enhance the use of browse in block plantings of shrubs or on manipulated rangelands. Our 
goals should be the sustained use of shrubs and avoidance of undesirable plant successions 
which would result in the loss of desired species or a regained dominance by undesirable ones. 
Greatest returns to the communities that depend on shrubs for a livelihood can be realized if 
multiple use management is practised on a sustained yield basis. 
Land managers and users should avoid destructive use of shrubs, seek ways to control 
degradation/ desertification and utilize shrubs for the multiple values they can provide in a 
rational grazing/use system in which energy inputs are minimized. 
References 
Bagnold, R.A. (1941). The physics of blown sand and desert dunes. Methuen, London. 
Bleak, A.T. et al (1965). 'Problems in artificial and natural revegetation of the arid shadscale 
vegetation zone of western Utah and Nevada'. J. Range Manage. 18:59–65. 
Boude, B. (1970). 'Management of savannah woodland range in West Africa'. proceedings of 
11th International Grassland Congress. St. Lucia, Brisbone. U. of Queensland Pr. 
Box, T.W. (1978). 'The arid lands revisited. 100 years after John Wesley Powell'. 57th annual 
faculty honor lecture, Utah State University. 
Charley, J.L. (1972). 'The role of shrubs in nutrient cycling'. In: McKell, C.M., J.P. Blaisdell and 
J.R. Goodin (eds) Wildland shrubs, their biology and utilization. USDA For. Serv. Gen. Tech. 
Report INT-1. Ogden, Utah. 
Charreau C., Vidal P. (1965). 'Influence de I'Acacia albida Del. sur le sol, nutrition minérale et 
rendements des mils Pennisetum au Sénéga1. L Agronomique Tropicale 1965: 600–626. 
Cook, C.W. (1954). 'The nutritive value of winter range plants in the Great Basin'. Utah State 
Agr. Exp. Stn. Bull. 372. 
Cook, Wayne C. (1958). 'Sagebrush eradication and broadcast seeding'. Utah Agr. Exp. 
Stn. Bull. 408. 
Cook, C.W. (1972). 'Comparative nutritive values of forbs grasses and shrubs'. In: McKell, C.M., 
J.P. Blaisdell and J.R. Goodin (eds) Wildland Shrubs, their biology and utilization. USDA, For. 
Serv. Gen. Tech. Rep. INT-1. Ogden, Utah. 
Cook, Wayne C., Harris L.E. (1968). 'Nutritive value of seasonal ranges'. Utah Agr. Exp. 
Stn. Bull. 472. 
Corbett, Q. (1978). 'Short duration grazing with steers — Texas style'. Rangeman's Journal. 5: 
201–3. 
Dakshini, K.M.M. (1972). 'Continental aspects of shrub distribution, utilization and potentials: 
Indian subcontinent'. In: McKell, C.M., J.P. Blaisdell and J.R. Goodin (eds) Wildland shrubs, 
their biology and utilization. USDA. U.S. For. Serv. Gen. Tech. Report INT-1 Ogden, Utah. 
Dougal, H.W. AN. Bogdan. (1 58). 'Browse plants of Kenya with special reference to those 
occurring in South Baringo'. E. Afric. J. 23: 235–245. 
Dougall, H.W., Drysdale, P.E. Glover. (1964). 'The chemical composition of Kenya browse and 
pasture herbage'. E. Afric. Wildl. J. 13 86–121. 
Draz, O. (1974). 'Range management and fodder development'. Report to the Government of 
the Syrian Arab Republic. FAO No. TA 3292. 
Draz, O. (1977). 'Role of range management in the campaign against desertification; the Syrian 
experience as an applicable example for the Arabian Peninsula'. Report - Regional preparatory 
meeting for the Mediterranean area, Algarve. UNCOD/Misc/13. 
Ebersohn, J.P., Lucas, P. (1965). 'Trees and soil nutrients in southwestern 
Queensland'. Queensland J. Agric. and Animal Sci. 22: 431–435. 
Everist, Selwyn L. (1969). 'Use of fodder trees and shrubs'. Div. of Plant IndustryAdvisoryLeaflet 
No. 1024. Queensland Dpet. Of Primary Industries. 
Everist, Selwyn L. (1972). 'Continental aspects of shrub distribution, utilization and potentials: 
Australia'. In: McKell, C.M., J.P. Blaisdell and J.R. Goodin (eds) Wildland shrubs biology and 
utilization.USDA US For. Serv. Gen. Tech. Report INT-1. Ogden, Utah. 
Felker, Peter, Bandurski, Robert S. (1979). 'Uses and potential uses of leguminous trees for 
minimal energy input agriculture'. Economic Botany 33: 172–184. 
Felker, Peter et al (1979). 'Screening Prosopis (mesquite) germplasm for biomass production 
and nitrogen fixation'. Proceedings International Congress for the Study of Semi-arid and Arid 
zones. Chile. La Serena. 
Forti, Meir. (1971). 'Introduction of fodder shrubs and their evaluation for use in semi-arid areas 
of the northwestern Negev'. Div. of life sciences. Beer Shiva, Israel Negev Inst. for Arid Zone 
Res. 
Garcia-Moya, E., McKell C.M. (1970). 'Contribution of shrubs to the nitrogen economy of a 
desert-wash plant community'. Ecology. 51: 81–88. 
Gaso, Juan C., David T. Contreras. (1972). 'Analisis del potencial pratense de fanerofitas y 
camefitas en regiones mediterraneas de pluvometria limitada'. Congreso Internacional de zonas 
aridas (CIZA), 2 da journadas nacionales interdisciplinarias de estudio de las zonas aridas del 
none de Chile. Arica, Chile. 
George, Melvin R. 'Distribution of carbon reserves in Snowberry (Symphoricarpus oreophilus)'. 
PhD thesis. Utah State Univ. Logan, Utah. 
Gonzales, Nancie L. (ed). (1968). Social and technological management in dry lands. AAAS 
selected symposium series. Boulder, Colorado. Westview press. 
Goodin, J.R., Mckell C.M. (1971). 'Shrub productivity. A reappraisal of arid lands'. In: Food Fiber 
and the Arid Lands. University of Arizona Press. AAAS Series. Tucson, Arizona. 
Goodin, Joe R., David Northington (eds). (1979). 'Arid land plant resources'. Proceedings of the 
international arid lands conference on plant resources, Texas Tech. univ. Lubbock, Texas. 
Gordon, A., SampsonA.W. (1939). 'Composition of common California foothill plants as a factor 
in range management'. Calif. Agr. Exp. Stn. Bull. 627. 1–95 p. 
Guinta, Bruce C. et al. (1978). 'Antelope bitterbush — an important wildland shrub'. Utah State 
Div. Wildlife Res. Pub. No. 78-12. 
Hanks, David L. et al. (1971). 'Paper chromatography for determining palatability differences in 
various strains of big sagebrush'. USDA Forest Serv. Res. Pap. INT-101. (s.l.). 
Harries, L.E. (1970). Nutrition research techniques for domestic and wild animals. Vol. 1. Logan, 
Utah; State University. 
Holmgren, Ralph, Hutchins S. (1972). 'Salt desert shrub response to grazing use'. In: McKell, 
C.M., J.P. Blaisdell and J.R. Goodin (eds).Wildland Shrubs, their biology and utilization. USDA 
US For. Serv. Gen. Tech. Rep. INT-1. 
Imperial Agricultural Bureau. (1974). The use and misuse of shrubs and trees as 
fodder. Joint publication No. 10. 231 pp. 
Institute for Land Rehabilitation. (178). 'Rehabilitation of western wildlife habitat: a review; US 
Dept. Interior Fish and Wildlife Service. FWS/OBS 78/86. 
Institute for Land Rehabilitation. (1979). 'Selection, propagation and field establishment of native 
plant species on disturbed arid lands'. Utah Agric. Exp. Stn. Bull. 500. 
Ionesco, T. (1979). Personal communication regarding plantings of fodder shrubs. 
Jensen, Charles H., Smith A.D., George W. Scotter. (1972). 'Guidelines for grazing sheep on 
rangelands used by big game in winter'. J. Range Manage. 25: 346–352. 
Kabagambe, Dennis M. (1976). 'Spects of resource conservation and utilization. The role of 
charcoal industry in the Kenya economy.' Working paper No. 271. Nairobi, Kenya. Institute for 
Development Studies. University of Nairobi. 
Kloetzii F., Kozak A., Suchovsky P. (1977). 'Interim report No. 2. Mkwaja. Ranch Tanzania. 
Zurich, Geobotaniches Institut Stiftung Rubel. 
Krockmal Arnold. (1972). 'Medicinal values'. In: McKell, C.M., J.P. Blaisdell and J. R. Goodin 
(eds) Wildland Shrubs, their biology and utilization. USDA For. Serv. 
Gen. Tech. Report INT-1. Ogden, Utah. 
Le Houérou, H.N. (1972). 'Continental aspects of shrub distribution, utilization and potentials: 
Africa-the Mediterranean region'. In: McKell, C.M., Blaisdell J.P. and J.R. Goodin(eds) Wild land 
Shrubs, their biology and utilization. USDA, US For. Serv., Gen. Tech. Report INT-1. Ogden, 
Utah. 
Le Houérou, H.N. (1976). 'Rehabilitation of degraded arid land'. In: Rapp, Le Houérou 
and.Lundholm (eds) Can desert encroachment be stopped? Ecol. Bull. No. 24 Secretary for 
International Ecology, Stockholm. 
Le Houérou, H.N. (1978). 'The role of shrubs and trees in the management of natural grazing 
lands: with particular reference to protein production'. Proceedings 8th World Forestry 
Congress. Jakarta, Indonesia. 
Le Houérou, H.N. (1979). 'Agroforestry techniques for the conservation and improvement of soil 
fertility in arid and semi-arid zones: Proceedings Symposium on integration of research for the 
valorization of natural biological resources in the arid and semi-arid zones of Latin America. 
Rome, Italy. 
McGinnies, William G. (1972). 'Continental aspects of shrubs distribution, utilization and 
potential: North America'. In: Mckell C.M., J.P. Blaisdell and J.R. Goodin (eds), Wild land Shrubs 
their biology and utilization. USDA, US For. Serv. Gen. Tech. Report INT-1. Ogden, Utah. 
Mckell, C.M. (1974). 'Shrubs, a neglected resource of arid lands'. Science 187: 803–809. 
McKell, C.M., Norton B.E. (1980). 'Management of arid-land resources for domestic livestock 
range'. In: Perry, R.A. and Goodall David (eds) Arid Land Resources Management. IBP 
Synthesis volume No. 9. Cambridge. Cambridge University Press. 
Mckell, C.M., Blaisdell, J.P., Goodin, J.R. (eds) (1972). Wild land Shrubs, their biology and 
utilization. USDA Forest Service Gen. Tech. Rep. INT-1. Ogeden Utah. 
McKell, C.M., Goodin J.R., Edmundo Garcia-Moya. (1968). 'New uses for arid range plants'. In 
International symposium on increasing food production on arid lands, Monterrey5 Mexico. 
Texas Tech. U., Lubbock, Texas. ICASALS. 
Mongi, H.O., Huxley (eds). (1979). 'Soils research in agroforestry'. Proceedings of an expert 
consultation for research in agroforestry. Nairobi, Kenya. International Council for Research in 
Agroforestry. 
National Academy of Sciences. (1975). 'Under-exploited tropical plants with promising economic 
value'. Washington, D.C. Board on Science and Technology for International Development. 
National Research Council. (1959). Joint US-Canadian Table of feed composition. Washington, 
D.C. Nat. Acad. Sci. Nat. Res. Council. Pub 659. 
Natural Vegetation Committee. (1973). 'Landscaping with Native Arizona plants'. Arizona 
Chapter, Soil Conservation Society of America. Tucson Arizona. University of Arizona Press. 
Novikoff, G. (1977). 'Towards a unified methodology in grazing management studies. Tunisia as 
a case study. Section C. Forage drought resistant shrubs'. Proceedings of the Arab Meeting on 
Range and Livestock Resources in Arid Regions. Rabat, Morocco. ACSAD/AS/CI. 
Otsyina, Robert, McKell, C.M., Van Epps. Gordon (1980). 'Fodder shrubs and crested 
wheatgrass proportions to meet nutrient requirements of livestock for fall and early grazing'. 
Abstract of papaer presented at 33rd Annual meeting of the Society for Range Management. 
(s.l., s.n.). 
Parker;Karl G. (1978). 'Use of mechanical methods as a management tool'. In: Gifford G.F. and 
Busby F.E. (eds). Sagebrush Ecosystem Symposium Proceedings. Utah State University, 
College of Natural Resources. Logan, Utah. 
Petrov, M.P. (1972). 'Continental aspects of shrub distribution, utilization and potentials: Asia'. 
In: McKell C.M. Blaisdell J.P. and J.R. Goodin (eds) Wild land Shrubs, their biology and 
utilization.USDA US For. Serv. Gen. Tech. Report INT-1. Ogden, Utah. 
Plummer, A. Perry, Christensen D.R. Monsen Steven B. (1968). 'Restoring big-game range in 
Utah'. Utah Div. of Fish and Game Pub. No. 68–3. 183 pp. 
Plummer, A.P., Steven B. Monsen and Christensen D.R. (1966). 'Fourwing saltbush, a shrub for 
future game ranges'. Utah State Dept. Fish and Game. Pub. 66–4. 
Pratt, D.J., Gwynne M.D. (eds) (1977). Rangeland management and ecology in East 
Africa. Hodder and Stoughton. London. 
Provenza, Fred D. (1978). 'Getting the most out of blackbrush'. Utah Science. 39: 144-6. Rapp, 
A., Le Houérou H.N., Lundholm B. (eds) (1976). `Can desert encroachment be 
stopped?' Ecological Bulletins No 24 Swedish Natural Science Research Council, Stockholm. 
Rose-Innes, R., Mabey G.L. (1964). 'Studies on browse plants in Ghana. I. Chemical 
composition: a monthly chemical analysis of seven species of trees, shrubs and vines browsed 
by free ranging cattle on the Accra plains'. Imp. J. of Exper. Agric. XXXII, 126 114–124. 
Scifres, C.J. et al (eds) (1973). 'Mesquite growth and development, management economics, 
control, uses'. Res. Monog. No. 1. Texas Agric. Exp. Stn. College Stn. Texas. 
Shaidaee, G., Niknam F. (1974). `Resources conservation in Iran'. (s.l., s.n.) 
Shankar, V., Dadlich N.K., Saxena S.K. (1976). 'Effect of Kejri tree (Prosopis cinerara McBride) 
on the productivity of range grasses growing in its vicinity'. Forage Research 2: 91–96. 
Soikes, Raul, Kalinowsky, Juan, Velarde, C.L. (1970). 'Composition quimica y digestabilidad de 
la materia seca y organica de pastos nativos dominantes de las graders altoAndinas del Peru'. 
Lima, Peru. Depto de Nutricion Universidad Nacional Agraria. 
Soriano, Alberto. (1972). 'Continental aspects of shrub distribution, utilization and potential: 
South America'. In: McKell, C.M. J.P. Blaisdell and J.R. Goodin (eds) Wildland Shrubs, their 
biology and utilization. USDA US For. Serv. Gen. Tech. Report INT-1. Ogden, Utah. 
Stevens, Richard, et al (1977). 'Winterfat'. Utah State Div. Wildlife Res. Pub. 77–2. 
Stoddart, L.A.; Smith A.D.; T.W. Box. (1975). Range Management 3rd ed. New York, McGraw-
Hill. 
Talbot, Lee M.; Talbot, Martha H. (1961). 'Food preferences of some East African wild 
ungulates'. E. Afr. Agri. For. J., 27: 131–138. 
Thalen, D.C.P. (1979). Ecology and utilization of desert shrub rangelands in Iraq. The Hague. 
Dr. W. Junk. 
Theism, A.A. Knox, E.G. Mann, F.L. (1978). 'Feasibility of introducing food crops better adapted 
to environmental stress'. U.S. National Science Foundation. Supt. U.S. Govt. Printing Office. 
Vallentine, John. (1969). Range development and improvements. Provo, Utah, Brigham Young 
Univ. Press. 
VanderVeen, J.P.H. (1964). 'Some aspects of plant succession in the Wadi Al-Aazib range 
station and surrounding areas'. Proceeding 5th week of Sciences. SAR Damascus. High 
Council of Sciences. 
Van Epps; Gordon; McKell, C.M. (1978). 'Major criteria and procedures for selecting and 
establishing range shrubs as rehabilitators of disturbed lands'. Proceedings of the First 
International Rangeland Congress. 
Van Epps; Gordon; McKell, C.M. (1977). 'Shrubs plus grass for livestock forage'. Utah 
Science. 33: 75–78. 
Van Epps; Gordokn; Barker Jerry, R. McKell, C.M. (1980). 'Energy biomass from high producing 
rangeland shrubs of the Intermountain United States'. Range Manage. (in press). 
U.S. Department of Agriculture, Forest Service (1974). 'Seeds of woody plants in the United 
States'. U.S. Dept. Agric., Agric. Handbook 450. 
Wallace, A., E.M. Rommey. (1972). 'Radioecology and ecophysiology of desert plants of the 
Nevada Test Site'. U.S. Atomic Energy Commission Tech. Information Document. 25954. 
Weber, Fred R., Dulansey M. (1978). 'Midpoint evaluation, Chad reforestation project'. N.Y. 
Prepared for CARE by Consultants in Development N.Y. 
West, Neil E., John Skujins (eds). (1979) 'Nitrogen in desert ecosystems'. US/IBP Synthesis 
series, No. 9. Stroudsberg, PA. Dowden Hutchinson and Ross, 
West, N.E. Rea K.M. Roy O. Harniss (1979). 'Plant demographic studies in sagebrush-grass 
communities of southeastern Idaho'. Ecology. 60: 376–388. 
Wickens, G.E. (1969). 'A study of Acacia albida Del. (Mimosaceae)'. Kew Bulletin. 23 (2) 181–
202. 
Willard, E. Earl. (1972). 'Some factors involved in activation of sprouting in little rabbitbrush and 
snowberry on summer range'. PhD, thesis. Logan, Utah. Utah State University. 
Wilson, A.D. (1974). 'Nutrition of sheep and cattle in Australian arid areas'. In: WilsonA.D. 
(ed) Studies on the Australian Arid Zone ll. Animal Production. Perth. CSIRO Div. of Land Res. 
Mogmt. 
Wilson, A.D. (1977). 'The digestibility and voluntary intake of the leaves of trees and shrub by 
sheep and goats'. Aust. J. Agric. 28: 501–508. 
Young, James A., Mckell C.M. (1976). 'Livestock under the Spanish oak trees'. Rangemans's 
Journal. 3: 172–74. 
  
The uses of the baobab (adansonia digitata l.) in Africa1* 
G. E. Wickens 
1 First published by AETFAT: Taxonomic aspects of African economic botany: G. Kunkel 
(ed.), 1979. 
Although the baobab is the most easily recognised tree in the savannas of tropical and southern 
Africa, its precise distribution between the margins of the forest fringes has not been completely 
mapped. This present compilation is a revision of the distribution map of Lucas (1971) with the 
help of AETFAT members, supplemented by the map of Walter (1964). The map (Figure 1) 
shows an almost total encirclement of the Congo basin apart from the gap between Lake Chad 
and the Sudan Republic, noted by Chevalier (1906), and that between Kenya and northern 
Ethiopia. 
 Throughout its distribution the baobab plays a useful and valuable role in the economy of the 
local inhabitants. Practically all parts of the tree can be utilized. It provides food for both man 
and his livestock shelter for the living and the dead, clothing, medicine, as well as sundry 
necessities for hunting, fishing and entertainment. These various uses are discussed in relation 
to the various parts of the tree: roots, trunk, leaves, flowers, and fruit. 
Roots 
In West Africa the roots are reputed to be cooked and eaten, presumably in times of famine. 
The Temne of Sierra Leone believe that a root-decoction taken with food causes stoutness. The 
dried -powdered root prepared as a mash may be taken by malaria patients perhaps as atonic 
(Burkill fined.) In East Africa a soluble red dye is obtained from the roots (Burkill fined.). In 
Zambia an infusion of the roots is used to bath babies in order to promote a smooth skin. The 
root bark is used as string or rope for making fishing nets, sacks, mats etc. (D.B Fanshawe, 
personal communication, 1969). 
Trunk 
a) Hollow trunks: The hollow trunks of living trees may be put to a variety of purposes. By far the 
most common is for the storage of water, a practice first recorded by the Arab traveller Ibn 
Battuta (1929) from naturally hollowed trees in Mali during the early 14th century. The hollowed 
trunk may be carved out in 3–4 days; a medium sized tree may hold 400 gallons while a large 
tree could contain 2000 gallons, and the water therein remains sweet several years if the hollow 
is kept well closed (Drar, 1970; Nachtigal, 1971). The practice however is viewed with disfavour 
by medical officers as providing a breeding ground for mosquitoes (Burkillined.). The opening to 
the hollow is preferably made just above the axil of a branch so that some water may run 
directly down the branch into the hollow. If possible the soil below the canopy is removed in 
order to form a small, shallow depression from which the rainwater can collect and then be 
taken by means of a bucket and a long rope to the opening in the trunk. 
An opening in the top of the trunk creates a cooling draught (Koeleman, 1972). Yet another 
hollow tree in the Transvaal is used as a dairy (Guy, 1971), who also reports of another tree in 
Botswana being used as a dwelling. 
Since the buffalo-weaver birds in Northern Transvaal always rest on the western side of the 
baobab, the tree can be used in lieu of a compass (E.A. Galpin, personal communication, 
1969). 
b) Bark: The bark fibres are commonly completely stripped from the lower trunk yet the tree is 
able to survive and regenerate new bark. The fibre from the inner bark is particularly strong and 
durable and is widely used throughout the distribution range of the tree for rope, cordage, 
harness straps, strings for musical instruments, baskets, nets, snares, fishing lines, fibre, cloth, 
etc. (Griasard, 1891; Williamson, 1955; Sabri, 1968; Woodruff, 1969; Drar, 1970). In both 
Senegal and Ethiopia the fibres are woven into waterproof hats that may also serve as drinking 
vessels (De Wildeman, 1903; Grisard, 1891). 
The dried bark was once exported to Europe for the manufacture of packing paper (Dalziel, 
1937; Burkill, fined.), and since 1848 it has also been imported into Europe under the name 
of cortex cael cedra, and has been used in the treatment of fevers and as a substitute for 
chinchona bark (Watt and Breyer; Brandwijk, 1962). Its benefit as a febrifuge however has not 
been detected in experimental malaria treatments, although it is both diaphoretic and 
antiperiodic (Burkill, ined.). The bark is certainly used for the treatment of fever in Nigeria 
(Oliver, 1959). The bark contains a white, semi-fluid gum obtainable from bark wounds. The 
gum is odourless, tasteless, acidic and insoluble (Watts, 1889) and is used for cleansing sores 
(Burkill, ined.). 
The bark has a bitter taste, and there are uncorroborated accounts of the bark being eaten in 
Senegal. According to Loustalot and Paga (1949) there are no alkaloids present, and accounts 
from Nigeria are inconclusive (Burkill, fined.). However, according to Watt and Breyer-Brandwijk 
(1962) it contains the alkaloid adansonin, which has a strophanthuslike action, yet in East Africa 
the bark is used as an antidote to strophanthus poisoning. In Malawi the flesh of an animal killed 
by a poisoned arrow has the juice of the baobab bark pushed into the arrow wound. 
In some countries the bark is used for tanning. In Congo Brazzaville a bark decoction is used to 
bathe rickety children and in Tanzania as a mouthwash for toothache (Burkill, ined.). The ash 
from the bark and fruit toiled in oil is used as a soap (Rock, 1861; Watt, 1889). 
In the Sudan Republic the trees are regarded as personal property that may be inherited or sold 
(Nachtigal, 1971) and the ownerships of the various trees are kept in local government 
registers. The trees were often the only source of water available during the dry season for both 
villagers and long-distance travelers, although a large number of the trees were deliberately 
destroyed during the time of the Mahdi in order to prevent the movement of people (Owen, 
1970). Hollow trees filled with water in the North Frontier Province of Kenya were used by slave 
and ivory raiders from Ethiopia in order to enable them to cross otherwise waterless country 
(E.A. Galpin, personal communication, 1969). 
Early records of European travelers in South Africa noted the use by the Bantu tribes of water 
stored in natural hollows (Story, 1964). A chain-like avenue of trees across the Kalahari to 
south-west Africa was used for water storage, with a long established tradition of death should a 
traveler leave the bung out of a tree and waste water (Mogg, 1950). The bushmen are reported 
to abstract water from hollow trunks by means of grass straws (Story, 1958). 
In West Africa the hollow trunks may be used as tombs and a place where a body denied burial 
may be suspended between earth and sky for mummification (Cooke, 1870; Grisard, 1891; 
Drar, 1970; Owen, 1970; Burkill, ined.); people denied burial include poets, musicians, 
drummers and buffoons (Guy, 1971; Armstrong, 1977). At Grand Galarques in Senegal a hollow 
tree with a carved entrance was used as a meeting place (Cooke, 1870), another tree in Nigeria 
was used as a prison (Owen, 1970) and in Mali the 14th century traveler, Ibn Battuta reported a 
weaver with a loom set up in a hollow tree (Ibn Battuta, 1929). 
Elsewhere in West Africa hollowed trees have been used as stables (Guy, 1971). 
In East Africa the trunks may also be hollowed out to provide shelter and storage rooms (Burkill, 
fined.) but their more varied use occurs in southern Africa. In Rhodesia a hollow tree on the 
Birchenough Bridge road is used as a bus shelter, accommodating 30–40 persons (E.C. 
Strover, pers. comm., 1970; Guy, 1971). Another tree near Umtali is used by the Roads 
Department for the storage of wheelbarrows and implements, and yet another tree in the 
Triangle Sugar Estates is fitted with crude ladders for use as a watchtower for cane or veld fires 
(E.C. Strover, personal communication, 1970). 
A famous tree in the Caprivi Strip at the home of Major Trollope, Administrator is used as a 
water closet, complete with flush toilet (D.B. Fanshawe, pers. comm. 1969; E.C. Strover, pers. 
comm., 1970; Guy, 1971). Near Leydsdorp in the Transvaal the hollow trunk of a baobab serves 
as a cool room for a tin shack beneath the canopy of the tree that is used as a bar. 
c) Wood: The wood is light, 53 lb/cu ft wet, c. 13 lb/cu ft air dried (Pardy,1953). It is spongy and 
easily attacked by fungi; if left in water it disintegrates in about two months, producing long 
fibres that could be used for packing (Salmi, 1968). 
The wood is not easy to cut; the spongy tissues make the axes bounce off rather than cut. It 
makes poor firewood and charcoal, and is not suitable for cutting into planks. The wood can be 
used for making wide, light canoes, wooden platters, trays, floats for fishing nets, etc. 
The wood pulp has been found suitable for both wrapping and writing paper (Seabra, 1948; 
Carvalho, 1953) but attempts to exploit the wood for papermaking have so far failed because of 
the cost of extracting the moisture from the turgid tissues (Mogg, 1950). 
Leaves 
The leaves, especially the young leaves, are popular as a spinach or dried and powdered and 
made into soups or sauces (Williamson, 1955; Nicol, 1959; Sahini,1968; Woodruff, 1969; Owen, 
1970; E.C. Strover, pers. comm., 1970). The trees may be pollarded in order to encourage an 
abundance of young leaves; pollarding is also carried out on hollow trees used for water storage 
in order to prevent them becoming top-heavy and falling over. The leaves are also browsed by 
stock, being an especially valuable fodder for horses (Woodruff, 1969; Burkill, fined.). 
Fresh leaves are rich in vitamin C (Carr, 1958) as well as containing uronic acids, rhamnose 
and other sugars, tannins, potassium tartrate, catechins, etc. (Watt and Breyer-Brandwijk, 
1932). The leaves are used medicinally as a diaphoretic, an expectorant, and as a prophylactic 
against fever, to check excessive perspiration, and as an astringent (Watt and Breyer-
Brandwijk, 1962; Carr, 1959, Woodruff, 1969; Beltrame, 1974). The leaves also have 
hyposensitive and antihistamine properties, being used to treat kidney and bladder diseases, 
asthma, general fatigue, diarrhoea, inflammations, insect bites, guinea worm, etc. (Burkill, 
ined.). David Livingstone treated indolent sores with poultices of powdered baobab leaf; the 
success of the treatment may be because the ulcers were of dietetic origin (Carr, 1959). 
Flower 
The only recorded economic use of the flower is the mixing of the pollen with water to make 
glue (Woodruff, 1969). 
Fruit 
The fruit was known to the ancient Egyptians (Loret and Poisson, 1895; Beauvierie, 1935), and 
must have been brought there from further south, presumably for some specific purpose. 
Certainly the fruits were to be found in the Cairo markets in the late 16th century, where they 
were described by Alpino (1592). They were regarded as a substitute for terra lemnia, being 
used for medicinal purposes, and as such imported into Europe. 
Ibn Battuta (1929) noted that the husks of the fruit may be used as dishes; they may even be 
fashioned into vessels or snuff boxes (Burkill, fined.) or used as fishing floats (Watt, 1889). The 
husks can be used as fuel and provide a potash-rich ash suitable for soap making. The 
powdered husk or peduncle may be smoked as a substitute for tobacco (Burkill, ined.), while the 
fibres lining the husk are used as a decoction to treat amenorrhoea. 
The acid pith, which is rich in ascorbic acid (Carr, 1958) is used as a substitute for cream of 
tartar for baking (Mogg, 1950; Williamson, 1955); it may also be ground and made into gruel or 
prepared as a refreshing drink. Medicinally it may be used as a febrifuge and as an anti-
dysenteric, and in the treatment of smallpox and measles as an eye instillation (Burkill, ined.). 
The pulp is also used to curdle milk, and a decoction used to coagulate the latex of Landolphia 
heudelotii A.DC. (Chevalier, 1906). The pulp is also used for smoking fish, its acrid smell also 
drives away insects troublesome to stock. In East Africa an extract from the pulp is used as a 
hairwash (R.G. Strey, verbal information 1978). Both the pith and the seeds, like the bark, 
contain an antidote to strophanthus poisoning and are carried by a special member of the 
Shangaan hunting party (E.C. Strover, pers. comm., 1970). 
An emulsion of the pith is used by the Fulani herdsmen to adulterate milk, a popular drink with 
the Kaura farmers whom the Fulani supply (Nicol, 1957). 
The seeds have a relatively thick shell which is not readily separated from the kernel. The kernel 
is edible but the difficulties of decortication limit its usefulness. The seeds may be laten fresh or 
dry, either sucked, ground and used to flavour soups, or roasted to provide a substitute for 
coffee. The shoot and roots of germinating seeds and seedlings are also eaten. An oil may be 
obtained by distillation of the seeds, which is used in Senegal on gala occasions. The crushed, 
roasted seeds, are applied as a paste to diseased teeth and gums. When burnt the seeds 
provide a potash-rich salt used for soap making (Burkill, fined.). 
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Introduction 
The flora of tropical Africa is estimated at about 30,000 species Brenan (1979), of which 
probably slightly more than 7,000 but certainly less than 10,000 are trees or shrubs. Of these at 
least 75%. are browsed to a greater or less extent (Whyte, 1947) and probably about 50% have 
been recorded as being useful to man. Thus, the full documentation of the alternative uses of 
browse species would indeed be a monumental task. 
For this present paper the browse species selected (Table 1) are those recorded, from a limited 
selection of readily available literature, as being browsed by cattle, sheep, goats, camels, 
horses or donkeys. Where necessary suitable adjustments have been made for synonomy even 
though the synonomy has not been cited, neither has it been found practicable to cite 
infraspecific taxa. In some instances opinions were found to differ as to whether a species was 
browsed or not, but doubtless when given no alternative choice even the most unpalatable 
species will be eaten. 
Apart from the encyclopaedic revision of Dalziel's Useful Plants of West Tropical Africa now 
being prepared by my colleague, H.M. Burkill (in press) the information regarding the various 
uses to which plants are put is widely scattered and has not been perused in detail. In my 
opinion it is not necessary to do so since it is quite clear from the literature already studied that 
a great deal of the information has been passed on from one author to another, sometimes 
without acknowledgment or in a garbled form. Much of the information is now outdated. For 
example, bark cloth has now been largely replaced by imported cotton or man-made fabrics. 
In the self-contained, low-economy, peasant communities the chief role of the plants, apart from 
their values as fodder, is for the provision of food, medicine, fuel, timber and other domestic 
needs such as rope, baskets, mats, etc. As the communities develop economically so will their 
need to depend on wild sources for these commodities change, with the possible exception of 
fuel, for which there is, in many areas, no cheap alternative available. 
With improved communications accompanying economic development, higher birthrates and 
longer life expectancy, ever-increasing areas are being opened up for commercial exploitation. 
The more valuable timber trees are removed and more land is brought under cultivation. The 
increased pressure on the land has often led to a reduction or even omission of the period 
under bush fallow. Attempts to obtain increased production through mechanisation has led to 
large-scale clearance schemes with their attendant erosion hazards. In the arid and semi-arid 
areas this can lead to accelerated desertification. In the higher rainfall areas, loss of land due to 
gullying becomes a problem on sloping lands, while in the level areas the removal of the trees 
can result in a rising water table and waterlogging (Cormack, 1953). 
The utilization of browse and fodder plants by man is very much dependent upon availability, 
especially in relation to the presence or absence of more suitable alternatives, including 
imported materials. The main uses are for food, human and veterinary medicine, agriculture 
fuel, timber and domestic economy and, depending upon the area and economic standing, not 
necessarily in that order of priority. Each aspect will be discussed in turn. 
1.1 Food 
Sedentary people rely on their cultivated crops for their main source of food, with additions, from 
wild sources as a supplement, a source of alcohol or flavouring. The use of wild sources for 
food is, however, extremely important in time of food scarcity and for the nomadic tribesmen or 
travellers generally. The browse species used for food are shown in Table 2. 
In West Africa especially the leaves of the baobab, Adansonia digitata are popular as a spinach 
or dried and powdered and made into soups or sauces (Burkill (in press), Wickens, 1979, 
Williamson, 1975). The fruits are also greatly appreciated. The association of the baobab with 
habitation has led some ecologists to suspect that its distributions is due to man: the reverse is 
also a possibility. The fruits of the palms Borassus aethiopum and Hyphaene spp. may be 
buried and allowed to germinate and then eaten as a delicacy (Hunting Technical Services, 
1964, Pardy, 1957-56, Williamson, 1975). The palms are often protected and have been known 
to become abundant on arable lands for this reason (Hunting Technical Services, 1968). In 
general however the food from wild sources is dependant upon the natural distribution of. the 
plants concerned. 
1.2 Human and veterinary medicine 
The use of plants for treating various diseases etc. in man and stock are given in Tables 3 and 
4. Some treatments may be of value, many are worthless. However it is a subject that should 
only be discussed by those with appropriate medical and veterinary qualifications. 
 
 

  

  

  

  
 
 

  
 
 
 

  
 

  
 

  
 
1.3 Agriculture 
The two main uses of trees and shrubs in agriculture are to provide shade for plantation crops 
such as tea, coffee, cocoa, etc. and for the protection of crops generally by means of live or 
dead fences (Table 5). 
The shade-providing species are often quick-growing, non-indigenous species such 
as Grevillea spp. (Protaceae) and are outside the scope of this paper. Indigenous species 
include Cordia abyssinica (Burkill, in press, Williamson, 1975) and Parinari excelsa (Burkill, in 
press) grown as shade for coffee and cinchana respectively. 
In peasant agriculture the increased yields obtained by growing crops under Acacia albida are 
well documented (Wickens, 1979). The tree has the great advantage of shedding its leaves at 
the start of the rainy season so that the crops are able to take advantage of the humus provided 
by the fallen leaves and dung produced by the browsing stock yet suffer no disadvantage from 
shade; new leaves are produced at the start of the dry season. The use of this species to 
provide shelter belts for areas under mechanical cultivation is now under investigation. 
The use of live fences for arable lands has made very little progress despite the availability of 
species suitable for this purpose. This is largely due to the absence of secure land tenure as 
practised in the temperate regions. Thus there is no incentive for the farmer to provide 
permanent stockproof hedges around his arable lands. In most areas there are species 
of Commiphora, as well as other genera, that strike readily from truncheons, and are excellent 
hedge-forming material. 
In arid and semi-arid areas the live fences have the additional advantage of reducing wind 
erosion. This can give rise to ridging at the base of the fence. 
The most common method of protecting the growing crops is by means of brushwood fences 
using thorny material obtained during the process of land clearing. Unfortunately the life of such 
fences rarely exceeds the growing season and repairs during the following years of cultivation is 
generally from material gathered from outside the cultivation area. This is regarded as an 
inefficient use of the material resources. 
There are two species that are of particular interest for irrigated areas. They are Balanites 
aegyptiaca and Swartzia madagascariensis. The fruit of the former are known to contain certain 
saponons that are lethal to the freshwater snails that act as the intermediary host of bilharzia, 
and also the waterflea, Cyclops that harbours the guinea worm (Fanshawe,1948, Suliman et al, 
1959). The pods ofSwartzia have also been used for the control of bilharzia (Williamson, 1975). 
The use of these species to give some control, no matter how slight, would undoubtedly be 
beneficial to man. The growing of trees along canal banks is usually disapproved of because of 
possible root damage to the banks. However, Balanites has rather bunched roots with few 
subsurface laterals (Hunting Technical Services, 1964) and is believed unlikely to cause 
damage. 
The use of trees such as Bridelia micrantha and Tamarindus indica for silkworm farming have 
so far proved unsuccessful (Burkill, in press) nevertheless the commercial possibilities should 
be investigated further. 
Many species, including Acacia spp. are used locally for honey production. The commercial 
possibilities again require investigation. 
1.4 Fuel 
Although the majority of browse species are probably used as fuel, relatively few have been so 
mentioned in the literature (Table 6). Naturally, depending upon the availability, some species 
will be preferred to others. Thus, because of its high moisture content and spongy tissue that 
causes the axe to bounce off rather than cut, the baobab, Adansonia digitata has a very low 
priority as a fuel (Wickens, 1979). 
Species with a high latex content, such as Calotropis procara (Hunting Technical Services, 
1964) and the figs Ficus spp. are also considered undesirable. In contrast the ironwoods are 
difficult to cut and maybe ignored; Prosopis africana is hard enough to blunt an axe (Dalziel, 
1937) and Pericopsis angolensis is so hard it will twist the African hand axe (Williamson, 1975). 
Some timbers may have undesirable characteristics when burning. Cassia sieberiana is 
reported to cause headaches (Dalziel 1937); Maerua crassifolia burns with a nauseating smell 
(Brown and Massey, 1929) while the smoke from Stereospermum kunthianum is locally 
believed to be conducive to leprosy (Brown and Massey,1929), its wood is also unsuitable for 
charcoal since it turns to ash, while in MalawiPsorospermum febrifugeum is believed to have 
protective properties and is therefore not used for firewood (Williamson, 1975). 
There are also conflicting opinions about the value of certain species. In the Sudan Balanites 
aegyptiaca is regarded as poor fuel because it burns with an oily smoke, although making 
excellent charcoal (Suliman et a1,1959), while in Nigeria it is regarded as a good fuel for use in 
huts because it produces no smoke (Burkell (in press), Dalziel, 1937). 
It takes several years for a tree to produce branches of suitable dimensions for use as fuel and 
excessive cropping will severely reduce the tree's vitality and ability to produce fresh growth. In 
the rural areas the increasing population pressure and the general breakdown of the bush fallow 
has created such a demand for fuel that the requirements from natural sources can only be met 
by cropping the trees to destruction within an ever-increasing radius from the centre of 
habitation. Inevitably browse will suffer and stock will be forced to travel further. Alternative 
sources of fuel or firewood reserves are usually available for the established urban areas, but 
there is need for a stronger awareness of the requirements of smaller settlements. 
1.5 Timber 
The various uses of browse species for timber purposes are shown in Table 7. In general there 
are three major categories; pole timber for building frames etc., timber for local domestic use 
such as doors, furniture, boxes etc., and commercial timber for mining, railway sleepers, bridge 
and wharf construction, etc.  
In many instances the cropping results in the destruction of the trees. Forestry protection by 
rotational and selective felling, protection orders etc. is obligatory for the preservation of the tree 
as a natural resource. 
1.6 Domestic Economy 
The multitude of uses to which browse species are subjected in the domestic affairs are shown 
in Table 8. This ranges from cordage, tanning, dyeing, soap making, toothbrushes, fish poisons, 
oils, gums, etc. Some products, such as gum arabic from Acacia senegal are sold on the world 
market although it has been calculated that the whole of the Sudan's annual production could 
be met by a properly managed plantation of 55 sq km. (Hunting Technical Services, 1964). Bark 
cloth, dyes, soaps etc. have been or will be replaced by imported products; bark cordage 
however is so convenient that it is likely to have a use for many years to come. 
The unrestricted use of roots for cordage, medicine, etc., can however lead to the death of the 
tree. In Malawi Boscia angustifolia has been eliminated from some areas because of excessive 
root cutting in order to make 'lover' amulets (Williamson, 1975). In West Africa the potential use 
of the floss from Bombax costatum for stuffing matresses is limited because many of the trees 
are unproductive because of fire damage (Burkill, in press). 
As has already been stated earlier, it is the availability of the species rather than its suitability 
that dominates its usefulness to man. In general greater reliance is placed on obtaining the 
maximum utilisation of a species in areas of low economic development, low or uncertain rainfall 
or where the population is largely nomadic. 
It would be invidious perhaps to select any one species as being more useful to man than 
another, but for diversity of utilization I would select the baobab, Adansonia digitata, which 
provides practically all the necessities for survival except fuel and timber (Wickens, 1979). For 
priority of investigation, however I would suggest the possible use of Balanites 
aegyptiaca and Swertzia madagascariensis to provide a form of biological control of bilharzia, 
the scourge of the tropics. 
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Iv. Biology and primary production 
Measuring the primary palatable production of browse 
plants** 
J.C. Bille 
Senior Ecologist, ILCA, Nairobi, Kenya. 
Interest in browse production and its utilization by domestic and wild animals is a recent 
phenomenon. Although traditional herdsmen have for centuries recognized the value of browse, 
scientific work on the subject in tropical Africa is generally less than 15 years old, and the best 
known works describe less than a dozen sites (Figure 1), mostly those studied as part of the 
International Biological Programme. In this paper the results will simply be related to the country 
in which the measurements were carried out. 
 
Figure 1.Sites of main research projects quoted in this paper, with year of measurements or 
beginning of measurements. 
Primary palatable production: A definition 
Doubt as to the quantity of edible ligneous matter is partly related to the lack of a clear definition 
of browse products. According to the climate and the authors, total biomass may be taken into 
account, or else net total productivity, which is higher than biomass if the foliage is strictly 
deciduous, but which can be much lower for foliage which is relatively persistent, or for other 
plant elements such as young branches or bark. 
Alternatively, the accessible mass can be considered, usually located less than 2 m from the 
ground, but in this case camels and many wild animals are not taken into account. Sometimes 
there is a tendency to include in biomass only the young leaves which are sought after by 
animals, whereas the older and tougher elements are left aside under observation conditions. 
The results obtained in different cases are scarcely comparable. Similarly, usually the quantity 
of leaves on the tree is measured as well as the quantities of flowers and fruits falling to the 
ground, but foliage production is also estimated on the basis of leaf litter. Finally, interannual or 
pluriannual variations compound the difficulties of interpreting the results. 
A further problem can also be raised straight away: that of individual variations in accordance 
with the form and general appearance of the sample tree. Thus for example, in Mali, the foliage 
mass of young trees varies from 10 to 90 g per individual, while for older plants the biomasses 
quoted are 1000 ± 600 g and 3.6 ± 1.6 kg, with averages established on the basis of five 
measurements. Again these are total masses to which no subjective coefficient has been 
applied to express accessibility or utilization. 
Measurement methods 
Net primary production results from apparent photosynthesis and the most logical way of 
measuring it would be to determine the gaseous interchange within the plant. In practice it 
would not be easy to establish the quantities of carbon absorbed by a whole tree and 
measurements rely on a few leaves (but where does one stand with the chlorophylleous 
branches of Balanites?) The results are converted by using the leaf area index or some other 
means, but the relationships needed for arriving at real production are far from simple. Using 
radioisotopes has the advantage of allowing samples to be multiplied and events to be observed 
without, disrupting them: however, apart from technical methods which rarely accessible, the 
method still requires a rather large number of hypotheses before the quantity of material 
produced in various elements can be deduced. 
As a result most work uses direct harvesting of the production and determination of the 
biomass. This process is more or less destructive according to the method adopted: litter 
harvesting, total destruction of a few individuals with establishment of relationships between 
product and some other more accessible parameter, or sampling of parts of individuals, implying 
the subsequent use of two successive correlations simply to estimate the biomass per unit tree. 
Even after a host of subsampling exercises accuracy remains an illusion, and to be convinced of 
this one has only to examine what is involved in measuring the foliage mass of a baobab, a 
process which includes the following stages: establishing the quantity of leaves per secondary 
branch (destructive), the number of secondary branches per primary (usually from a 
photograph), the volume of primary branches as a function of trunk circumference, and 
examining the population of baobabs. 
The result is that measuring browse plants discourages investigators with a taste for accuracy, 
and that work in which all the components necessary for a proper estimate are explicit is rare. If 
a standard procedure based on the most commonly applied practices could be put forward it 
would doubtless consist of the following: 
1. Destructive measurement of biomasses per individual as a function of stem diameter; 
2. Inter-and pluri-annual variations of these biomasses on a standard branch; 
3. Description of specific stands by unit area on the ground and plant community. 
Biomass from individual browse plants 
Describing measurement methods would be of limited interest if unrelated to the results 
obtained, which are the only indisputable criteria of the value of the methods used. The 
elements selected for their browse relevance will be reviewed here, quoting a few results. 
a) Bark: this is of little or no interest to domestic livestock, but a constant food source for rodents 
and elephants. Measurements are rare but include, for example, 430 kg of DM in Senegal for an 
epigeal ligneous biomass of 1850 kg/ha, or in other words nearly a quarter of the above-ground 
biomass. Interspecific variability is high, and pyrophytes have thick bark which is unpalatable. 
Some barks are used in small-scale local crafts (Grewia, and Ficus for example). 
b)Branches: new growth is always liable to be consumed and is often measured together with 
the leaves. The branches and branchlets (less than 5 cm in diameter), again in Senegal, 
represent from 10 to 15% of the total biomass in Balanites, 8 to 10% for Commiphora, 15 to 
25% for Acacia senegal 30 to 45% for Guiera and 15 to 30% for Grewia bicolor. The biomass of 
branches can thus be linked with the circumference of the tree, or its height, using relationships 
similar to those described for total mass as a function of the same parameters. 
In Zambia, the sum of the diameters of the branches appears to be fairly constant for an 
average individual in a given species: 200 mm in Brachystegia which had been cut back, 160 
mm forJulbernardia or 100 mm for Isoberlinia. These results were for branches produced during 
a given year, and these values might represent an interesting characteristic. 
c)Flowers and fruit: although the feed value of flowers and accessory elements is hardly 
satisfactory, the fruit, and to an even greater extent the seeds, are important in this respect and 
sometimes have a by-no-means insignificant biomass. In Acacia the fruit may equal a quarter of 
the annual deciduous product, and the proportion is even higher 
for Balanites; however, Balanites fruit is often used as a human foodstuff. Strychnos, 
Annona, and Solanum shrubs also produce a fine quantity of fruit; however, it must be admitted 
that the fruit often represents only 10% or less of the deciduous biomass and that the quantities 
of 400 to 600 kg/ha of pods quoted for acacia are exceptional. 
d)Leaves: although the measurement of leaf production is as complex as could be, it is one of 
the most frequently carried out measurements. Tables 1 to 3 show examples of leaf 
measurement, and it will be noted that in the arid and semiarid zones the leaf biomass is fairly 
low. In almost all cases the values were obtained by completely stripping a number of 
individuals, precluding any subsequent measurement of the same sample, whether the trees 
were actually felled or whether growth has been irreparably disrupted. 
Table 1. Foliage and fruit biomass per shrub (Senegal, rainfall 250 mm). 
  Diameter 
(cm) 
Branches/ 
branchlets 
(kg/DM) 
Leaves 
% 
Fruit 
% 
Leaves 
(g/DM) 
Fruit (g/DM) 
Balanites 
aegyptiaca 
 
   5.1 
 
   0.6 
 
  9 
 
5 
 
   50 
 
  30 
     8.0    2.0       180  100 
   14.9  12.8     1150  640 
   15.0    8.4       760  420 
   16.8  20.6     1850 1030 
   27.3  63.1     5680 3150 
Commiphora 
africana 
 
 13.4 
  
   2.7 
 
10.5 
 
1.5 
   
  280 
    
    40 
   14.0    3.5       370     50 
   16.5    5.6       590     80 
   21.5    8.7       910   130 
Acacia 
senegal 
  
   6.4 
 
   2.9 
 
20 
 
7 
 
  580 
 
  200 
   10.5    4.3       860   300 
   15.9  19.2     3840 1340 
Guiera 
senegalensis 
 
   3.8 
 
   2.2 
 
25 
 
7 
 
  550 
 
    15 
     5.1    2.7       680     20 
     7.0    2.9       720     20 
     7.3    2.6       650     20 
     8.9    4.4     1000     30 
    10.2  11.4     2850     80 
Adansonia 
digitata 
 
100 
 
130 
 
11 
 
1.2 
 
14300 
 
 1500 
  140 200     22000  2400 
  260 500     55000  6000 
  320 900     99000 10000 
Table 2.Foliage mass per individual (Upper Volta, rainfall 440 mm). 
Diameter 0 5 10 15 20 25 30 
Acacia laeta 150 500 2200 2500 3100 3500   
A.seyal   60 520 1300 1700 3800 6900 8000 
A. tortilis   50 250   300   700 1100 1200 1600 
Balanites   50   80   150 2500 6000 8800 10500 
Guiera   40 (430) (850) (900)       
Table 3.Foliage mass per individual (Mali, rainfall 600 mm) 
Diameter 1.6 4.8 9.5 14.3 20.7 25.4 30.2 
A. albida 40 340 1400 3100 6450 9600 13000 
Pterocarpus 
Lucens 
 
50 
 
260 
 
1600 
 
3980 
 
5050 
 
6450 
 
Ziziphus m. 50 220 1130 1420 4700     
Acacia 50 340 1780 3610       
Variability: 50 g ± 40 g (80%), 1000 g ± 600 g (60%), 3600 g + 1600 g (45%). 
In the humid zone and forest areas leaf litter has been more frequently used. For example, an 
average value of 5.7 kg of DM per tree was obtained in Ivory Coast, in an area with 1250 mm of 
rain. 
These processes make it unlikely that the mineral cycles described for forest zones can be 
applied to the savanna, and the enriched soil quality found beneath trees is probably better 
explained by the partial renewal of the roots each year, which produce almost as much as the 
leaves. The foliage on the ground probably undergoes two periods of rapid degradation, the first 
immediately after the leaves fall and the second at the outset of the following rainy season, with 
a relatively stable period without decomposition between the two. 
Analysis of measurements 
The results obtained in the field are processed using regression equations or curves as shown 
in Figures 2 to 4. The sampling parameters most commonly used are the stem circumference 
(or diameter) and the height of tree, but it can be easily demonstrated that these two values are 
connected for a given species, and the stem circumference is clearly the easiest measurement 
to take, especially since the ligneous density often influences the habit of trees and shrubs. 
 Figure 2. Leaf biomass as a function of trunk diameter for two Sahel species. 
 Figure 3. Comparative leaf / biomasses of various species as a function of trunk diameter. 
 Figure 4. Examples of a relationship between the log of foliage mass ( in g DM) and the log of 
stem diameter ( in cm). 
The type of regression equation which can be used is still open to discussion. Sometimes a first 
degree ratio is convenient, as also are second or third degree polynomials. Nevertheless, it is 
almost always possible to express the logarithm of the biomass lineally as a function of the 
logarithm of stem circumference, i.e. log m. = a log c + b. 
It will also be noted that the coefficients a and b do not vary very much for leaves, with b often 
lower than 1 and a approximately 2 or 2.5. The mean equation log m = 2 1og (diameter), + 1, 
corresponding to 250 g of leaves for a stem diameter of 5 cm, 2.2. kg for d =10 cm and 6.2 kg 
for d =15 cm probably constitutes an acceptable approximation in the Sahel zone. Thus an 
average tree in the Sahel probably barely produces a kilogramme of leaves per year (and 250 g 
of fruit, plus 4 to 5 kg of branches). 
In dry areas the duration of the period in leaf is 5 to 7 months for species with annual foliation, 
and the fruit outlives the leaves sometimes by 2 or 3 months (Commiphora, Acacia). 
What happens when the fruit falls to the ground is still little understood: in Senegal various 
consumers, especially termites, use between 5 and 20% of it, depending on the 
microenvironment. Its chemical composition is altered by partial destruction of the protein 
content and by mineral leaching, while the biomass is scattered and redistributed by the wind. 
Interannual variations 
Interannual variations are relevant as regards quasi-persistent foliage. Table 4 shows the 
fluctuations measured in Zambia, but it should be noted that the trees were browsed by 
livestock and that, given a defoliation level of 50% or more, the yields were seriously affected 
and also many trees did not survive the treatment. 
Table 4. Leaf biomass on a 10 mm branch (Zambia, rainfall 1250 mm) in g/dm 
Date Julbernardia 
paniculata 
Isoberlinia 
angolensis 
Brachystegia 
spiciformis 
Brachystegia 
longifolia 
Baphia 
bequaerti 
1970 XII 16.9 26.7 24.7 26.6   9.8 
        I-II 19.5 20.0 15.5 21.0 13.1 
        III 18.5 16.8   9.7 16.9   2.0 
     IV-V 18.3 23.5 10.5 12.9   0.0 
      VI 12.5   9.8   7.2 19.0 dead 
  VII-VIII 19.8 23.1 11.3   6.1   
  X 26.5 21.1 11.4 29.8   
1971 
    XII 27.4 29.1 10.8 27.1   
   I-II   5.9 29.5 28.6 30.3   
   III   0.4   6.2   1.8 16.9   
  IV-V 11.3 14.1   0.0 25.3   
  VI   7.0 11.7   .0 11.9   
  VII-VIII 12.0 21.8   0.0   0.0   
  XII 19.8 24.9   2.4 26.4   
                   Defoliation intensity 
  50 20 60 20 100 
                  Mortality over two years 
  27 0 97   100 
Ligneous populations 
Although describing ligneous populations does not require lengthy or difficult measurements, 
interest in doing so has only recently emerged, apart from a few cautious estimates of the total 
numbers of individual ligneous plants. The total number of trees per unit area can be obtained 
by simply counting, using sample areas or more elaborate statistical methods, of which the best 
known is the PCQ method (Point Centred Quarter), whereby the distance is measured from the 
centre of a cross to the nearest tree in each of the four right angles it forms, an operation 
repeated between 30 and 100 times. However, for a unit area in a given environment the best 
form of characterization consists of determining the number of trees and shrubs in different 
circumference or diameter classes so as to draw diagrams either of the overall population or of 
a particular species. 
Table 5 shows the browse population in the case of Senegal, while Figures 5 and 6 show 
examples of the diagrams obtained. 
Table 5.Ligneous populations: distribution by circumference class (Senegal) 
Circumference Guiera Boscia Grewia Acacia Balanites Commiphora Total 
0–10 34.2            36.5 
10–15 22.4 4.0          28.7 
15–20   9.1 3.3 4.7   4.0   5.2    19.4 
20–25   2.8 1.0 2.8          8.9 
25–30   0.7 2.3   2.6   4.0   0.3    9.9 
30–40     2.8   2.0   2.9   0.7    8.4 
40–50     1.3   1.0   2.4   1.5    6.2 
50–60         0.4   1.1   2.7    4.2 
60–80           1.0   4.0    5.0 
Over           0.7   1.6    2.3 
Total 68.5 9.0 13.9 10.0 17.3 10.8 129.5 
 Figure 5. Diagrams of total ligneous populations 
( no. of individuals per diameter of circumference class) 
 
Figure 6.Population structure of some species 
Figures 5 and 6 give example of diagrams of this kind but they require several points to be 
made: 
a) Younger individuals are usually more numerous and they die off gradually over successive 
years; this is why two forms of regression are put forward to describe these stands; the first is a 
negative exponential and expresses the various classes, while the second is a geometrical 
progression with a ratio of less than one, the terms of which can be recategorized in order to 
reestablish the circumference classes. 
b) Regression equations enable theoretical stands to be considered from which actual stands 
will diverge to a greater or lesser degree, revealing favourable or unfavourable periods for trees 
or for a specific species; in particular it should be noted that the initial slope of the curve shows 
the degree of aggression of the stand-in these examples it was very high in Ivory Coast but 
negative in Senegal. 
c) It would also be noted that some species are apparently on the way to extinction (Cussonia 
barteri) and that regeneration is highly irregular, possibly requiring a number of conditions which 
are rarely combined. In Kenya almost all the actual curves show a deflection at the point in time 
when recent ranches were set up and may thus be used as management indicators. 
Thus the diagrams and their comparison in time at the same point provide varied and important 
information on the dynamism of the ligneous stratum (and sometimes as to its probable causal 
agents), the reactions of species to environmental variations (including their resulting 
palatability), and in a general way on the balance of eco-systems. Moreover, the total number of 
trees and shrubs in many cases probably gives an adequate indication of ligneous productivity, 
if the description of the high stratum had to be restricted to a single parameter, the parameter 
chosen should be population study. 
Pluri-annual productivity variations 
The combination of information on tree populations and on feed biomass per tree should enable 
the biomasses per unit area to be put forward. Independently of the reservations already 
expressed on the relationships between biomasses and productivity, the validity of the results 
should be examined as a function of the climatic context of the measurements. The ligneous 
productivity as a whole is highly dependent on rainfall. 
Table 6. Leaf and fruit biomasses/ha: pluri-annual variations (Senegal) in kg/DM. 
Species 1971 1972 1973 Average 1970–73 
Balanites   22.0   6.3 15.2 16.5 
Commiphora     8.0   3.2   9.3   7.9 
Acacia   16.1   6.2 10.3 11.6 
Guiera   21.2   8.3 17.9 16.8 
Grewia   35.6   6.6 17.1 24.0 
Total 102.9 30.6 70.5 76.9 
The enormous variations observed here are due to the great drought of 1972, during which the 
zone received only 30 mm of rain. It is important to note that productivity in 1973 is still far from 
reaching its usual level, for two reasons: 
a) Many trees are dead, especially in their upper parts, or have been replaced by 
young Boscia, which are unproductive, on slopes. Table 7 compares the stands before and after 
the drought. 
b) A dry year has a definite aftereffect on the following year. The aftereffect is also reflected in 
wood production and can be identified by analysing radial growth of the tree, although growth 
rings are not always very easy to see in the tropics and they are difficult to situate in time. 
Nonetheless it is true that in areas with a very pronounced dry season the thickness of growth 
rings varies in a ratio of one to three, and the same ratio could be applied in particular to leaf 
production since leaves are photosynthetic. 
Table 7.ligneous populations pluri-annual variations (Senegal) 
Circumference Crests No. of individuals on Slopes Dips 
  1970 1975 1970 1975 1970 1975 
  0–10   29   1  27   31   81   53 
10–20   41 17  44 148 109 190 
20–30   15 10  18   30   36   38 
30–40     8 10    7    6     5    9 
40–50     5   5    6    4     3    1 
50–60     3   3    5    2     2    1 
60–80     3   2    1    3     0    0 
     80     2   0    0    0     0    0 
Total 106 48 108 224 238 292 
A last cause of variations is the intensity of utilization by domestic or wild animals, not only 
during the year of measurement but also during previous years, as a function of the above. 
Complete measurements fail dismally in this respect besides the Zambia experiment cited 
above, work is also in progress in Tanzania, taking into account a high sampling level (60 to 
80% for acacia). It is still too early to describe the long term consequences. In Mali also this 
aspect is one of the major subjects under study. Despite the possibility of intensive utilization 
over a short period, it many well be sensible to recommend a cautious approach to the 
utilization of browse plants. 
Browse productivity and climate 
The values most frequently quoted are biomasses per unit area. Figure 7 summarises estimates 
for leaves in a number of different places, and it would seem that foliage biomass increases 
very rapidly when rainfall is above 200 to 1000 mm per year. Beyond this point variations are 
highly important (from 300 kg/ha in Cameroon to over 2 t/ha for subforest savanna), but the 
average results imply that often the limit lies around 1500 kg/ha, and this is doubtless linked 
with the substratum. 
 Figure 7.Productivity as a function of climate 
The increase in productivity is partially explained by the variations in the number of trees and 
shrubs when we move from the arid zone to the humid zone. However, in some cases it has 
been possible to establish leaf production for the "average" tree; the regression curve between 
these values and annual rainfall appears more like a straight line, and the establishment of a 
relationship of this kind would be highly desirable. Provisionally the following orders of 
magnitude can be selected: 400 g of DM in the arid zone, 700 g in the semiarid zone and 1 kg 
or more for the others but in the latter case production would only be very partially accessible or 
palatable. 
Trees in the ecosystem 
An examination of the methods for evaluating the ligneous stratum and of the results obtained 
from these methods has frequently led to the drawing of inferences, or to consequences arising 
from the information about trees. These indications generally relate to the whole ecosystem 
under consideration, they concern relationships between the high and low strata, the 
significance of the structure of ligneous stands, the reactions of the tree to utilization, to name 
only the most important points. To this should be added the problems arising through 
spontaneous or accidental deforestation, and the renewed interest in the ligneous stratum, a 
renewed interest often linked to overall study of natural biological system. 
The general conclusion will thus appear to be that trees have an essential role to play in natural 
savanna. The tree would appear to be at once an indispensable component in savanna and the 
best indicator for pastoral management methods: the state of health of ligneous communities, 
their equilibrium, their productivity—and here it must be understood that too many trees or a 
production which is disproportionate with that of grass are just as much be condemned as the 
scarcity of ligneous elements—are thus the touchstone for evaluating the utilization of savanna 
by man. As a result the easier forms of monitoring the tree and shrub strata, and in particular 
the description of ligneous stands, should be systematically implemented. 
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Inventory of the browse potential of bushes, trees and 
shrubs in an area of the Sahel in Mali 
Method and initial results** 
Pierre Hiernaux 
Ecologist to the ILCA/Mali Programme 
Introduction 
This inventory forms part of the study on animal production systems carried out by a 
multidisciplinary team from ILCA. The area involved covers the inner delta of the Niger and its 
western and northern fringes, an area of 71,000 km2. 
The method followed for compiling the inventory, illustrated in the initial results, is presented in 
three parts. The identification, survey and mapping of browse plant formations are discussed in 
the first part, plant formations being considered as the basic units for evaluating browse 
potential. In the second part specific foliage production measurements are briefly presented, 
since they are more fully set out in a more detailed publication (Cissé, 1980 a,b). In the third 
part, the integration of production data with population descriptions is demonstrated first by 
means of an acacia species of the Sahel, secondly with a perimeter on the livestock ranch at 
Niono, and finally for an area as a whole, comprising the first attempt at a regional assessment 
for the ILCA study area in Mali. After the explanation of the inventory method, the discussion 
moves on to the practical value of the results, taking into account the peculiar features of 
browse consumption. 
2. Plant formations as basic units in compiling a regional browse 
potential inventory 
2.1 Identification and mapping of plant formations 
Plant formations are identified by a combination of phytoecological criteria. The physical and 
floristic structure of the vegetation and the principal edaphic and biotic characteristics are taken 
into account, following the methods advocated by CEPE ecologists (Godron et al, 1968). 
Apart from inundated grazing such as are found in the inner delta of the Niger, the vegetation of 
the plant formations in the Sahel and Sudano-sahel zones is primarily defined by the floristic 
and structural characteristics of ligneous populations. The grass cover, which is dominated by 
annuals, fluctuated very considerably from one year to the next, as regards both flora and the 
production level (Hiernaux, Cissé and Diana, 1979), reducing its indicative value. As an 
example a description of one of the plant formations found on the ranch at Niono is given, as 
represented on the vegetation map for the Niono ranch (Hiernaux, 1977). 
Formation (code 2): 
Plant community with Pterocarpus lucens, Combretum micrantum, Grewia bicolor, Acacia 
ataxacantha, Lannea acida. 
The population is regular and contagious, and the stratification is more or less regular: beneath 
a high shrub stratum there is a bush stratum with low shrubs; the vegetation occurs in clumps. 
The grass cover is discontinuous (especially where there are clumps) and very diverse, forming 
a mosaic in which the following dominate: Loudetia togoensis, Diheteropogon hagerupii, 
Borreria chaetocephala, Andropogon pseudapricus, Panicum walense, Pennisetum 
pedicellatum. Bottom-land with a very humped microrelief, with the clumps forming on the 
ridges; alluvial plain; hydromorphic soil with a sandy loam texture interspersed with clay seams. 
Two degrees of degradation, coded 2' and 2" are identified for this formation. 
Furthermore as regards survey or mapping work, it is the ligneous formations which show up 
most of all on the photographs currently used. 
Ligneous populations are thus the major components in the identification of plant formations. In 
the ILCA study area 75 types of ligneous community were identified (to which should be added 
25 degrees of degradation). They are currently being mapped. 
2.2 The description of ligneous communities 
For each of the plant formations identified a methodical survey of the physical and floristic 
characteristics of the ligneous community was carried out. The site from which the sample is 
taken is determined on aerial photographs, and consists of 160 m2 (i.e. an area of 2.56ha). 
Without going into details of the method used (Hiernaux, 1976), we may state that it involves: 
a) Counting the number of stocks per species; 
b) Describing each of the stocks, including number and height of trunks, overall cover and cover 
for each stratum. 
The following observations are then carried out: 
a) Plot by plot observations on 16 adjacent square plots 10 M2 each, forming a strip 10 m wide 
by 160 m long; 
b)Extra surveys are then carried out for new species and for species with a forage value which 
were not adequately represented on the plots previously inventoried, using adjacent strips which 
are 10 m, then 20 m, then 40 m and finally 80 m wide. 
2.2.1 Floristic description 
The first component of a description is a list of flora. The list is drawn up so that the habitat-
species curve can be systematically identified. This allows the floristic homogeneity of the 
samosample to be checked a posteriori. It also allows the optimum phytosociological range for 
each population to be calculated. For example, Figure 1 gives the range-species curves using 
both arithmetical and gaussian logarithmic coordinates for an acacia community dominated 
by Acacia laeta (relevé no. 25). 
In the latter case linear adjustment confirms the floristic homogeneity of the population studied 
and allows the optimum phytosociological range to be calculated (Poissonet and César, 1972). 
It is approximately 12,000 km2, a lower value than average values usually found, which lie 
between 2500 and 600 m2. It should be noted that for grass cover in the Sahel the range is 
usually between 100 and 200 m2. 
Moreover, the observations made enable the list of flora to be compiled in accordance with the 
share of each species in the total number of stocks or in the total cover (see Table 1). 
Frequently it turns out that, as in the case of the example selected, these two classification are 
different. 
Table 1.Classifications of species within an acacia community (rp 25) as function of the number 
of stocks per unit area and total cover. 
Share in stock numbers 
(out of 1612 total) 
No. of 
stocks 
ha 
% Share of canopy cover 
(overall, 16.5%) 
No. of 
stocks 
ha 
% 
Boscia senegalensis  869 53.9 Acacia laeta 11.6  68.6 
Acacia laeta  400  24.8 Boscia senegalensis   2.5  14.8 
Acacia seyal  131 8.1 Acacia seyal   2.1  12.4 
Boscia angustifolia    31 1.9 Balanites aesyptiaca   0.2    1.2 
Cadaba farinosa    31 1.9 Cadaba farinosa   0.1    0.6 
Dischrostachys glomerata    31 1.9 Boscia angustifolia   0.1    0.6 
Balanites aegyptiaca    25 1.5 Acacia nilotica   0.1    0.6 
Acacia nilotica    19 1.2 Commiphora africana   0.1    0.6 
Other species    75 4.6 Other species   0.1    0.6 
Total 1612 99.8 Total 16.9 100 
 
2.2.2 Description of physical structure 
Observations made during the survey enable the number of stocks per hectare, the cover of 
each stratum and the distribution of trunks as a function of height to be calculated for each 
species. For the plant taken as an example, Table 2 shows this distribution in absolute and 
relative values for the species with the greatest forage value. 
Table 2.Distribution of trunks as a function of their diameter for the main browse species in a 
Sahel acacia colony (rp 25) 
Trunk 
diameter 
at 10 cm 
(in cm) 
AcaciaLaeta Acaciaseyal Acacia 
nilotica 
Bosciasenegalensis Balanitesaegyptiaca 
  /ha % /ha % /ha % /ha % /ha % 
     0–2.5 181  32.2   6    3.8 – – 1588  90.7  6  25 
  2.5–5 131  23.3  44  26.9 3  14.3   113    6.4 13  50 
  5–10 181  32.2  50  30.8 5  21.4     44    2.5   6  25 
10–15   63  11.1  50  30.8 8  36.7       6    0.4 – – 
15–20    6    1.1  13    7.7 3  14.3 – – – – 
20– 25 – – – – 3  14.3 – - – – 
Total 562 100 163 100 22 100 1751 100 25 100 
3.1 annual foliage production by species 
The production measurements carried out by Cissé (1980) and Hiernaux et al (1979), took the 
following into account separately: annual total foliage production as a function of physical 
characteristics of the tree, and production curve. 
3.1 Annual production as a function of height of trunk, and height and area 
of the crown 
Cissé took direct measurements by felling and stripping carried out at the optimum vegetation 
stage on 5 to 10 individuals per circumference, plus for the main browse species of the zone 
under study. These were: Pterocarpus lucens, Acacia seyal, Acacia albida, Ziziphus mauritiana, 
Balanites aegyptiaca. Acacia Senegal had already been measured in a Sahel area of Senegal 
(Poupon, 1976). Production measurements have also been carried out on bushes, such 
as Combretum aculeatum, Cadaba farinosa, Boscia senegalensis, Ferethia apodanthera. 
In trees, Cissé found a highly significant correlation between the circumference or height and 
annual foliage production (Cissé, 1980). In both cases and for each species he established an 
exponential relationship. 
The relationship between production and canopy cover was not systematically established. 
However, for Acacia seyal, Pterocarpus lucens, Acacia albida and Ziziphus mauritania, the 
relationship is of the same kind as above. For bushes the data given by Cissé are currently 
limited to the average values which can be used for bushes over 50 cm in height. 
3.2 Seasonal distribution of browse potential 
This is established by means of direct measurements carried out every 15 or 30 days on whole 
stocks for bushes and on a sample of graded branches for trees. The available foliage is 
expressed as a percentage of total production per month or fortnight. Table 3 gives two 
examples. 
Table 3. Distribution of foliage biomass over time for two Sahel species. Foliage biomass is 
expressed as a percentage of annual production. 
  June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
Combretum aculeatum i(f10 13 37 73 94 63 40 15 15FI0 
Commiphora africana i(f10 37 68 98 23   0   0  0    0 
4. Towards a functional expression of the feed potential of browse 
populations 
4.1 The integration of production data with population descriptions 
This is done by means of survey work. A Sahel acacia colony (Relevé no. 25) will be taken as 
an example. The first stage consists of evaluating the annual forage potential. In order to do this 
it is necessary: 
a) to select the main varieties having a feed value; 
 
b) to establish for each of them the annual production per hectare, taking into account the 
density of trunks, the distribution of of trunk as a function of diameter, and the foliage production 
as function of trunk diameter; 
c) to add up the specific foliage products. 
This process is carried out in Table 4, for an acacia colony taken as an example. The second 
stage involves an attempt to establish this evaluation for each season. For this purpose the 
seasonal distributions of foliage biomass established for each species are used (see para. 3.2), 
which are simply multiplied by the specific annual products calculated per unit area. This is done 
in Table 5 for the acacia colony taken as an example. 
Table 4. Distribution of numbers and foliage production as a function of species and trunk 
height For a Sahel acacia colony (relevé 25) 
Trunk 
diam.at 10 
cm(in cm) 
Acacia laeta Acacia seyal Balanites aegyptiaca Boscia 
senegal 
Other 
species 
Total 
foliage 
Effectif 
/ha 
Prod(1) 
/trunk 
Prod(2) 
/ha 
Effectif 
/ha 
Prod(1) 
/trunk 
Prod(2)/ha Effec-
   if/ha  
Prod. Prod. 
/trunk 
Prod./ha 
/ha 
Prod./ha in kg of 
DM/ha 
0–2.5 181 21.7 3.9 6 12.6 0.1 6 50.3 0.3 889 
stocks/ha 
350 over 
50 c high 
with an av. 
prod. of: 
Cadaba fari-
nosa, 
Boscia 
angustifolia, 
Combretum 
aculeatum, 
Ziziphus 
mauritiana 
  
                          
                          
                          
                          
2.5–5 131 127.3 16.7 47 156.1 7.3 13 261.2 3.4       
5–10 182 388.5 70.3 55 763.4 42.0 6 738.7 4.4       
                          
                          
10–15 63 284.4 55.7 50 2459.0 142.6       0.5 kg DM     
15–20 6 1520.0   16 5313.6 85.0             
20–25 – –   3 9447.9 28.3             
Total 562 – 155.7 185 – 305.3 25 – 8.1 175.0 23.5 667.6 
Table 5.Contribution of species to available browse per season, using a typical Sahel colony as 
an example (relevé 25) 
  Acacia 
laeta 
Acacia 
seyal 
Acacianiloti
ca 
Bosciaseneg
al 
Balanitesaegptia
ca 
Otherspeci
es 
Total od. 
Seasonal Seasonal   pro
d. 
Season
al prod. 
Seasonal 
prod. 
Seasonal 
prod. 
Seasonal prod. Seasonal 
            prod. prod. 
  a b A b a b a b a b a b a b 
June  
July 30 46.7 20 
47.
4 20 13.6 75 131.2 30 2.4 
 
– 
 
– 
36
. 241 
August 
Septembe
r 
80 24.6 80 18.7 80 54.6 70 122.5 60 4.9 
 
– 
 
– 74 496. 
October 
November 90 40.1 35 
83.
0 60 40.9 65 113.7 80 6.5 
 
– 
 
– 57 
384.
3 
December 
January 
February 
10 15.6 20 47.4 30 20.5 90 157.5 90 7.3 
 
– 
 
– 37 248.3 
March 
April 
May 
–   0 –  0 –  0 80 140 70 5.7 
 
– 
 
– 22 145.7 
Annual 
Production
(b) 
55.7   37.1   68.2   175.0   8.2   23.5     
667.
6 
a Seasonal foliage biomass as % of annual production 
b Seasonal foliage biomass in kg of DM/ha 
The figures for available foliage per season for those species with a forage value provide an 
evaluation of the feed potential of browse populations which can be easily brought into focus by 
adding the corresponding values for forage units and digestible crude protein. 
4.2 Assessment of the feed potential of perimeter on the Niono ranch 
All that has to be done is to estimate the feed potential of the ligneous population of each 
component formation, then to correct these values for the area occupied by each formation in 
the perimeter under study. This operation is carried out in Table 6 for pasture on the Niono 
ranch, for which a map of the ligneous populations was compiled (Hiernaux and Haywood,, 
1977); see also Boudet (1970). The very considerable fluctuation of the feed potential from one 
formation to another, ranging from 3.5 t of foliage production per year (in DM/ ha) for a 
dense Pterocarpus lucens thicket to 21 kg for an open tree formation with Seleroyarya 
birrea and Guiera senegalensis, should be noted. A further verification of the feed potential of 
Growse populations on the ranch (0.992 t DM/ha) puts the figure at almost half the product of 
the grass cover, which on the ranch lies at between 1.5 and 2 t of DM/ha, depending on the 
year. 
Table 6. Plant formations on tide mono ranch, main features, area and forage production of 
ligneous populations 
 
 
Plant 
formation 
codes 
Dominant ligneous species      Edaphic features 
Area on 
ranch 
in ha in % 
Annual 
prod. 
Annual 
prod. on 
ranch in 
t.of DM 
    Soil texture Topography       
1 Pterocarpus lucens clayey plain   291   2.9 3 536  1 029 
2 Pterocarpus lucens, 
Combretum micrantum, 
Grewia bicolor 
clayey plain   893   8.8    954    852 
2', 2" Combretum micrantum, 
Acacia ataxacantha, 
Pteracarpus lucens 
clayey plain     52   0.5   399     21 
3, 23, 23' Anogeissus leiocarpus, 
Feretia apodenthera 
clayey-
loam 
bottom land   800   7.9   708   565 
44', 34, 34' Mitragyna inermis clayey basin     55   0.5 1 000     55 
5 Acacia seyal clayey bottom land     87   0.8    528     46 
6 Silerocarya birrea, Guiera 
terminabia avicennoides 
 
sandy 
 
plateau 
  557   5.5     36     20 
7 – 7' Silerocarya birrea, Guiera sandy   1 048  10.3     56      59 
78 – 78' Silerocarya birrea, Acacia 
seyal 
loam to 
sand 
sloping 
plain 
2 544  25 1 285  3 269 
79– 79' Silerocarya birrea, 
Combretum ghazalense 
sandy Bottom of 
slope 
        21      19 
7", 78", 79" Guierra, Acacia senegal, 
Acacia seyal 
sandy       70   0.7     74        5 
9, 9', 39, 29 Combretum ghazalense sandy bottom land 1 329  13.1 1 090  1 449 
29', 29" heroc. lucens, Grewia 
bicolor 
sandy bottom land         
8, 8' 8" Acacia seyal, Balanites 
aegyptiaca 
sandy loam sloping 
basins 
    957   9.4 2 550  2 440 
28, 28', 28" Pterocarpus lucens, Acacia 
seyal 
sandy loam plain     562   5.5   467     262 
89, 89' Combretum ghazalense             
Total for Niono ranch     10 
163 
100 – 10 092 
4.3 Regional assessment of feed potential 
Although the data are still very incomplete, a first approximation of a table of annual feed 
potential has been drawn up for ligneous populations of the Sahelian and Sudano-Sahelian 
sectors of the ILCA study area in Mali. Table 7 gives the main results. The regional feed 
potential results for ligneous populations are a little below half the corresponding grass 
production, except in the case of the delta. 
Table 7. Annual browse potential per ecological sector of the ILCA study area in Mali 
Ecological regions Live delta Dead Delta Continental shelf Whole areaa 
and sectors (Farimaké de de 
Péroudji 
Sahelian South 
Sahelian 
Sahelian South 
Sahelian 
  
Average per 
sector in t. of 
DM/ha 
  
0.27 
  
0.50 
  
0.75 
  
0.70 
  
0.86 
  
0.52 
Per sector 
estimate in '000 t 
of DM 
  
100 
  
425 
  
560 
  
763 
  
1035 
  
2784 
'North Sudanian sectors excluded. 
5. Discussion: problems arising from the characteristics of browse 
consumption with regard to the functional expression of feed 
potential 
The biomass of available feed for each season can be taken as a very rough expression of the 
feed potential of the ligneous population, when the particular characteristics of the consumption 
of these feeds are taken into consideration, and especially the following four points. 
5.1 Supplementary feed or basic feed 
An experiment on the Niono ranch in late 1978 confirmed that goats are satisfied with a feed 
entirely made up of tree leaves, even those of only one variety (in this case Acacia 
seyal and Pterocarpus lucens see "Rapport d'Activite" 1978–79) at a rate of 3.6 kg and 2.56 kg 
of DM/100 kg liveweight respectively, in a closely controlled experiment involving stall feeding 
with weight gains of 2% and 6%per month for goats weighing 25 kg on average). On the other 
hand, the observations made by Mme Dicko-Toure illustrate the limited part which can be 
played by these feeds, which is extremely variable from one season to the next, under 1% to 
25% of grazing time depending on the month, for the sedentary system of the Office du Niger 
(Dicko-Touré, personal communication). 
Similarly, for the transhumant Macina production system (Diallo,1978) only 7 days of browse 
consumption were recorded out of 23 days distributed over the annual cycle. The average share 
of browse was thought to be 3.9%, but with very considerable variations, since Diallo recorded a 
browse proportion of 81% at the daily rate in an observation carried out during the migration of 
animals into the Sahel, while other readings were lower than 3%. 
Leaving aside the case of goats, browse availability should thus be regarded only as playing a 
potential role as a supplementary feed; it should therefore not be considered in isolation from 
the available grass feed. 
5.2 Palatability: specific and seasonal selection according to animal 
species and management method 
This is the most confusing aspect of browse consumption. The idea of palatability is far more 
relative here than with grass feeds. Observations gleaned from various trials on the Niono ranch 
lead to the impression that palatability depends on: 
a) plant species and its phenological stage; this is well known, but further factors are: 
 
b) animal species, together with sex and age, but more especially 
 
c) feeding habits as linked to management method. 
In particular, since controlled grazing is the exception, there is a great deal of difference 
between the behaviour of animals in sedentary and transhumant systems: the first are usually 
reduced to following the same grazing route every day, at least for some period of the year. 
In this case the animals select their menu with a full knowledge of the facts, so to speak. And in 
this case it was possible to note the importance which the animals attached to the variety of 
their menu. If the grazing route covers pastures which vary very little, the animal will search out 
areas where "new" feeds can be found, even if these are elsewhere alleged to be less palatable 
or even refused altogether. This is the case, for example, for Guiera senegalensis and also 
for Combretum ghazalense, and even for Callotropis procera, for herds grazing on the periphery 
of the ODN rice plots. 
On the other hand, the selection processes of animals accustomed to changing their grazing 
area every day are more complex. Possibly the influence of the herdsman is greater here and it 
would seem, at least for zebus, that the contribution of browse is less than in the preceding 
case. The method used in the estimates, i.e. that of establishing the list of palatable species, 
then using it to work out the list of species which are left untouched, is therefore a simplified one 
which could lead to misunderstandings. 
5.3 Accessibility 
Only a small proportion of "available" browse is directly accessible to animals. If 2 m is taken as 
the upper height limit for direct access, Table 8 shows the share of foliage biomass directly 
accessible for three species of the Sahel, both in absolute values and as a percentage of the 
overall foliage biomass of the tree. 
Table 8 shows that this proportion varies very considerably according to the height of the tree, 
but also according to the species. From these values it should be possible to evaluate this 
proportion for each of the sample areas were it not for the fact that the herdsman's habit of 
cutting and trimming the branches, with the result of placing the non-accessible parts of the tree 
within reach of the animals, renders this exercise somewhat vain. In the acacia colony taken as 
an example it may be noted that of the Acacia seyal stocks (two-thirds of shrubs higher than 1 
m), as well as Balanites, Acacia nilotica, Ziziphus and even Acacia laeta plants (20% of shrubs 
2 m high) were all cut. 
Table 8. quantity of foliage directly accessible to animals (under 2 m high) as a function of tree 
height for three browse species of the Sahel. 
Pterocarpus lucens Ziziphus mauritiana Acacia seyal 
  Foliage biomass over 2 m   
Height of tree In kg of DM % of total b. In kg of DM % of total b. In kg of DM % of total b. 
0–1 – – – – 0.08 100 
1 – 2 0.11 100 0.04 100 0.10 100 
2 – 3 0.35 81 0.13   37 0.35   59 
3 – 4 0.83 42 0.16   16 0.24   15 
4 – 5 1.10 27 0.15     7 0.28     8 
5 – 6 0.28   8 0.09     3 – – 
6– 7 0.40   6 0.11     5 0.24      7 
7– 8 0.45   7 0     0 – – 
5.4 Effect of grazing and pruning and trimming practices on browse 
potential 
Obviously browse, and especially the processes associated with browsing, have important 
consequences for ligneous forage production. 
a) In the short term, over and above the process by which non-accessible parts are turned into 
accessible ones, there are aftereffects on the trees subject to browse processes during the 
following years. These aftereffects concern both quantity and quality since as a general rule the 
new shoots are mainly vegetative with a phenological cycle more stretched out in time than that 
of natural growths. A complex experimental procedure has been launched to quantify these 
effects for a number of species (Acacia seyal, Acacia albida, Pterocarpus lucens). 
Measurements are under way. From the first results (see compte-rendu d'Activité 1978/79, pp. 
37/44), it may be seen that trimming has an effect which varies very considerably according to 
species, amounting to 24.4% for Acacia albida but 70.3% for Acacia seyal and 71.82% 
for Pterocarpus lucens, in the case of trimming carried out at the end of the growth season. 
The effect of browsing as such has not been measured; on the other hand, data have been 
collected by Cissé on the effects of various types of stripping intended to simulate the more 
extreme cases of browsing. These trials (Cissé, 1980) were carried out on a number of browse 
bushes, and it has been found that the effect of stripping on the production for that year need 
not always be depressing and that it varies enormously according to the species. The 
aftereffects on production the following year also vary and are primarily linked with the intensity 
of stripping. 
b) In the long term, changes in production may occur through alterations in the population. 
Usually this tendency develops to the detriment of those species most valued in terms of feed, 
since the underutilized species take the place of those which die out as a result of over-
intensive utilization. This is the case for the formation coded 2" which is frequently found on the 
edge of the rice plots managed by the ODN. This is a degraded form caused by cutting and 
overgrazing, especially by goats, of the formation coded 2, which is described as an example in 
the first section. Table 9, comparing the floristic composition of two populations, illustrates this 
development. The browse species, grouped on the left of the table, decline in terms of overall 
cover, while rejects such as Combretum niorontum and Acacia ateracantum increase; Grewia 
bicolor is in an intermediate position. 
Table 9. Comparison of the floristic structure of a browse colony in the southern Sahel with the 
same type of colony in a degraded state caused by overgrazing and cutting 
  Plant 
formation 
Pterocarpus 
lucens 
Combretum 
aculeatum 
Acacia 
seyal 
Grewia 
bicolor 
Combretum 
micrantum 
Acacia 
ataxacantha 
Whole 
colony 
Cover as 
% of total 
area 
Original 15.2     1.3   1.5   0.7    2.4     0.4     12.4 
Degraded   1.2     0.1   0.3   0.2    6.8     3.7     14.2 
Cover as 
% of total 
cover 
Original 67.9     5.8   6.7   3.3   10.7     1.9   100 
Degraded   8.1     1   2.2   1.8   48.6   26.4   100 
No. of 
areas per 
ha 
Original 87 168 50 25 100   31   618 
Degraded 37   50 12 25 350 150 1000 
No. of 
stock as 
% of total 
no. 
Original 12.8   24.8   7.3   3.7   14.7     4.6   100 
Degraded   3.7     5   1.2   2.5   35   15   100 
However, not all degradation takes the form of a decline in browse potential. It can happen that 
the secondary formation consists of varieties which are more valuable in teens of feed than the 
original formation (for example, a formation dominated by Combretum glutinosum was improved 
by the addition of Balanites aegyptiaca, Acacia Senegal and Acacia seyal). 
6. Conclusion 
A somewhat laborious method has been advanced for reaching an estimate of the seasonal 
feed availability provided by browse populations of the Sahel. It combines a precise description 
of populations with a series of production measurements. Since the latter can be obtained on a 
one-off basis, the general application of the method becomes easier. However, the peculiar 
features of browse consumption described in the last few paragraphs effectively prevent any 
automatic application of the results obtained. Since browse consumption depend as much on 
the type of animal as on the herd management method, the calculation of a carrying capacity as 
a function of browse potential expressed in this way could only be undertaken for a clearly 
defined animal production system. 
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1. Introduction 
Most of the studies devoted to browse in the Sahel limit themselves, as regards characterizing 
the feed contribution of trees, bushes and shrubs, to drawing up a list of flora. Production is a 
factor which is generally little understood, although the by-no-means inconsiderable role of 
browse in livestock feeds is recognized. During the dry season browse is very important in 
terms of its protein supply, which is often the factor enabling livestock to survive. After proximity 
to water points, browse can also be considered as a factor enhancing the feed value of grazing. 
It is therefore imperative to arrive at a better appreciation of the feed product of ligneous plants, 
but in 1975 Peyre de Fabregues highlighted the problems posed by an evaluation of this kind. 
As the direct measurement of biomass is usually a long and tedious task, research into 
relationships between the foliage and various physical parameters which are easy to measure 
appeared to be an interesting approach. Research focussed on the following species: Acacia 
albida Del, A. Seyal Del. Balanits aegptiaca (L.), Commiphora africana (A. Reeh.) 
Engl.; Pterocarpus lucens, Lepr. ex Guill. and Perr. and Ziziphus mauritiana Lam., which were 
selected on account of their known forage value and their abundance in ligneous populations in 
the ILCA/Mali project area. 
2. Methodology 
Annual foliage production (and fruit, if any) was determined by weighing the foliage harvested 
after felling, followed by drying for five individuals selected according to stem circumference. 
After felling, the height of the tree and the circumference of its trunk 40 cm above the ground 
were measured. The crown of the tree was taken as a circle with an average diameter worked 
out from the measurements of the two most extreme dimensions of the crown. Measurements 
were taken on 50 samples of A. albida, 44 stocks of P. lucens, 40 of Z. mauritania and 46 of A. 
seyal, 50 of C.africana and 48 of B. aegyptiaca. 
The data collected will be used to establish the relationship between the biomass and each of 
the physical parameters measured. The relationship between the biomass and the area of the 
crown was worked out only for the first four species, and in Acacia seyal only 30 trees, the 
circumferences of which varied between 5 and 61 cm, were involved. 
3. Results 
The foliage biomass was correlated in turn with the circumference of the trunk, the height of the 
tree and the area of the crown. Before adjusting the regression curves to the scatter of points 
observed, the variations were subjected to first a single and then a twofold logarithmic 
transformation. It was the latter which gave the best linear regression showing the allometric 
relationships between the biomass and each of the parameters. The principal results are given 
in Tables 1, 2 and 3. 
Table 1. Relationship between biomass (p) and circumference (c) of trunk. 
Species Linear regression 
equation for P (in g) 
and C (in cm) 
Correlation 
coefficient 
(r) 
Adjustment 
curve equation 
Acacia albida log P=2.08 log C + 0.00 0.98 P=C2 08 
Acacia seyal log P=2.25 log C–0.22 0.98 P=0.60C2..25 
Pterocarpus lucens log P=2.07 log C– 0.03 0.96 P=93.C2..07 
Ziziphus mauritiana log P=1.91 log C+0.14 0.98 P=1.38.C1.91 
Commiphora 
africana 
log P=1.78 log C+0.18 0.98 P=1.51.C 1.78 
Balanites aegptiaca log P=1.50 log C+0.81 0.86 P=6.46. C 1.50 
Table 2. Relationship between biomass (b) and height (h) 
Species Linear regression 
equation for B (in g) 
and H (in cm) 
Correlation 
coefficient 
(r) 
Adjustment curve 
equation 
Acacia albida Log P=2.77 log H–4.01 0.95 P=98.10–6 H 2.77 
Acacia seyal Log P=3.06 log H–4.70 0.96 P=20.10–6 H 3.06 
Pterocarpus 
lucens 
Log P=2.83 log H–4.19 0.96 P=65.10–6H 2.83 
Ziziphus 
mauritiana 
Log P=3.21 log H–5.51 0.90 P=  3.10–6H 2.83 
Commiphora 
africana 
Log P=2.63 log H–3.81 0.95 P=155.10–6 H3 21 
Balanites 
aegyptiaca 
Log P=2.97 log H– 
4.42 
0.95 P=38.10–6H 2.97 
Table 3. Relationship between biomass (b) and crown area (a) 
Species Linear regression 
equation for B (in g) 
and A (in dm2) 
Correlation 
coefficient (r) 
Adjustment curve 
equation 
Acacia albida log P=1.26 log S–0.50 0.96 P=0.32 S 1.26 
Acacia seyal log P=1.22 log S–0.68 0.92 P=0.21 S l..22 
Pterocarpus 
lucens 
log P=1.81 log S–0.22 0.97 P=0.60 S 1.22 
Ziziphus 
mauritiana 
log P=1.10 log S–0.24 0.95 P=0.58 S 1.10 
For all species we recorded a strong positive correlation (r) which was significant at 1% between 
the logarithm of foliage production and that of the different physical parameters. On the basis of 
r the relationship between biomass and trunk circumference is better than with other 
parameters, except in Balanites where a better correlation is obtained with height. By way of 
example, figures 1(a, b and c) illustrate the relationship between the biomass and each of the 
parameters in Acacia albida. 
 
Figure 1. Curves showing the relationship between the foliage biomass (P) and the 
circumference of the trunk (C), the height (H) and the area of the crown (A) in Acacia albida 
 Figure 2. Scatter diagram and adjustment curves for the leaf production (P) of Pterocarpus 
lucens as a function of trunk circumference (C) (2a) and height (H) (2b). 
4. Discussion 
The establishment of a relationship between the foliage biomass and the physical parameters of 
ligneous plants was the subject of publications by Pressland (1975) and Poupon (1976), who 
investigated, amongst other things, the relationship of foliage biomass of trunk circumference 
in Acacia aneura F. Muell (Australia) and Acacia Senegal in the Sahel. The allometric 
relationship discovered between B and C in the species studied here tallies with the one found 
in their studies. 
However, reservations should be expressed as to the applicability of these relationships to 
greater circumference and height classes. Growth, in terms of both thickness and height, is not 
indefinite, just as leaf production has a maximum limit. The curves should show a plateau, which 
however has not become evident (see Figures 1a and 1b). This leads us to the conclusion that 
we have not worked on the circumference classes at which leaf production reaches its highest 
level. As a matter of fact we frequently rejected the larger trees, either because they had been 
damaged or else because they had deformed trunks. 
The sampling methods also give rise to reservations. The process by which the trees were 
selected avoided abnormal cases and shapes. This would explain the high correlations 
obtained. It is possible that if the trees had been randomly selected the correlations would be 
less good and the search for a multiple correlation between foliage production and the various 
physical parameters would have been justified. 
To test the validity of the relationship between B and C we compare the estimated production, 
calculated from the established formulae, and the average production measured per 
circumference class. The results, shown in Table 4, reveal that estimated production is to a 
great extent always within the limits of the interval of confidence (95%) of the average 
production actually measured. From these results we are able to gauge the field of application 
of the relationships established for each of the species studied. The field is not a particularly 
limited one except in Balanites, where we were only able to arrive at a relatively poor correlation 
coefficient between log B and log C. For this species it would be desirable to calculate the 
biomass as a function of height. 
Table 4. Comparison of leaf production measured with leaf production calculated from the ratio 
of p (m/kg of dm) to c (in cm) for some trees of the Sahel 
Species 
Circumference class in cm Range of 
aplication 
of rate of 
P to C 
  1–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 81–90 91–
100 
  
Acacia  
 
albida  
 
2.08  
 
P = C. 10–3 
  (5.5) (14.0) (25.0) (36.3) (44.2) (55.5) (65.2) (74.0) (83.6) (93.4)   
            
P. 
measureda 
0.4 ± 
0.04 
0.31± 
0.30 
099± 
0.63 
1.80± 
1.10 
3.11± 
1.82 
4.2 ± 
2.28 
6.45± 
3.28 
9.02± 
4.66 
10.18± 
2.60 
14.01± 
2.61 
3 to 97 
cm 
  
                        
P. 
Calculated 
0.04 0.24 0.81 1.76 2.65 4.25 5.94 7.73 9.96 12.54   
  (7.2) (15.1) (24.8) (35.5) (44.6) (54.8) (67.2) (75.1) (83.6)     
Acacia 
seyal 
2.25 
P = 0.60C. 
10–3 
            
p. 
measureda 
0.05 0.34± 
0.10 
1.21± 
0.76 
2.33± 
1.60 
3.61± 
1.07 
3.41± 
1.19 
7.24± 
2.75 
10.17± 
1.93 
13.44± 
2.54 
  12,5 to 8 
cm 
    
          
            
P. 
calculated 
0.05 0.27 0.82 1.85 3.08 4.90 7.76 9.96 12.68     
   (8.3) (14.0) (23.8) (33.1) (43.0) (55.0) (67.1) (78) (84.4)   
 
Pterocarpus 
lucens 
            
P. 
measureda 
0.05± 
0.04 
0.26± 
0.18 
1.08± 
0.75 
2.11± 
1.25 
3.98± 
1.78 
3.23± 
1.75 
5.05± 
2.22 
6.30± 
3.17 
6.25± 
2.10 
  7.5 to 79 
cm 
    
          
            
2.25 
P = 0.93. 10–
3 
P. 
Calculated 
0.07 0.22 0.66 1.30 2.24 3.72 5.62 7.23 9.04     
Ziziphus 
mauritiana 
1.91 
P = 1.38C. 
10–3 
 (6.0) (14.4) (26.0) (35.4) (44.4) (55.2) (65.8) (74.6)     
 
            
P. 
measureda 
0.05± 
0.03 
0.22± 
0.14 
0.90± 
0.38 
1.36± 
0.39 
1.42± 
0.56 
3.69± 
2.18 
4.70± 
1.03 
4.32± 
1.64 
    4 to 99 
cm 
      
            
P. 
calculated 
0.04 0.23 0.70 1.25 1.93 2.93 4.10 5.21       
   (6.7) (15.0) (24.9) (35.0) (45.2) (55.3) (65.2) (76.1) (85.6) (95.0) 
 
Commiphora 
africana 
1.50 
P =1.51C. 
10–3 
            
p. 
measureda 
0.06± 
0.06 
0.16± 
0.10 
0.43± 
0.12 
1.08± 
0.14 
1.82± 
1.08 
2.00± 
0.99 
2.62± 
0.54 
3.18± 
1.72 
4.23± 
1.35 
3.92 
1.72 
4 to 99 
cm 
  
            
P. 
calculated 
0.04 0.19 0.46 0.85 1.33 1.91 2.56 3.37 4.16   5.00 
  (6.4) (15.7) (25.2) (35.6) (45.0) (55.6) (66.0) (74.9) (86.4) (95.0)   
 
Balanites 
aegyptiaca 
1.50 
P = 6.46C. 
10–3 
            
p. 
measureda 
0.07± 
0.07 
0.35 0.96± 
0.47 
1.82± 
0.79 
2.96± 
0.72 
3.58± 
1.32 
6.08± 
1.32 
6.66± 
2.10 
6.44± 
1.12 
9.44± 
7.46 
21 to 60 
cm 
  
            
P. 
calculated 
0.10 0.40 0.82 1.37 1.95 2.68 3.46 4.19 5.19 5.98   
a Figures in brackets indicate the average circumference of the individuals felled in the 
circumference class under consideration. 
 Figure 3. Scatter diagram and adjustment curves, for the leaf production (P) of Ziziphus 
mauritiana as a function of trunk circumference (C) (3a) and height (H) (3b). 
 
Figure 4. Scatter diagram and adjustment curves for the leaf production (P) of Acacia seyal as 
a function of trunk circumference (C) (4a) and height (H) (4b). 
Moreover, the calculations presented do not take into account interannual variations in foliage 
production as linked with the climatic hazards indicated by Bille (1977) and Poupon (1976). As 
regards seasonal variation, supplementary measurements are in progress which will enable the 
results to be improved by showing the forage supply available for each season. 
5. Conclusion 
This study shows the existence of allometric relationships between the maximum foliage 
biomass of various browse species and some of their physical parameters (circumference of the 
trunk measured 40 cm above ground, height and area of the crown). These relationships enable 
the annual browse potential for an area to be evaluated from an inventory showing the structural 
aspects of each species (height, numbers in each circumference class, cover, etc.) in a ligneous 
formation. 
Of the three parameters, trunk circumference is the one showing the best correlation with 
biomass, except in the case of Balanites. Furthermore, circumference measurements are easier 
to carry out in the field. However, the determination of biomass as a function of crown area 
might possibly be carried out from aerial photographs, although it would be necessary to be in a 
position to recognize the different species, a problem of a technical nature concerned with 
photo-interpretation. 
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Effects of various stripping regimes on foliage production of 
some browse bushes of the Sudano-Sahelian zone** 
Mohamed Idrissa Cisse 
Ecologist to the Joint ILCAlMali Programme 
1. Introduction 
In the Sahel zone many varieties of bush are hungrily sought after by livestock, which browse 
on their leaves and branches and sometimes their flowers and fruit. Frequently they present a 
stunted habit as a result of the intensive utilization to which they are subject. 
In the context of the ILCA programme in Mali it seemed important to study the reaction of 
bushes to browsing, even if the experiment could not be carried out on the most favourable 
basis, i.e. with utilization by animals. Utilization by animals was simulated by means of stripping 
: this had a twofold purpose, that of monitoring the development of leaf production during the 
growth season on the one hand, and on the other that of studying the influence stripping interval 
and method, and date of first stripping, on total leaf production. 
The study involved three species: Combretum aculeatum Vent. (Combretaceae), Cadaba 
farinosa Forsk. (Capparidaceae), and Feretia apodanthera Del. (Rubiaceae). The site of the 
experiment was the ranch of the Station d'Elevage et de Recherches Zootechniques in Niono, 
situated in the fossil alluvial plain of the Niger, in the Sudano-Sahelian zone. 
2. Methodology 
Total or partial stripping was carried out on a batch of five stocks for each variety and treatment. 
The leaves and young branches harvested were ovendried. The treatments consisted of 
comparing the production of: 
a) Stock subjected to total stripping every 15 days (coded TS 15) to others stripped every 30 
days (coded TS 30); 
b) Stocks stripped completely with those partially stripped and coded PS (alternate stripping of 
half the plant every month); 
c) Staggering of the date of first stripping over 30 consecutive days for specific stocks coded 
TSDO to TSDN, which were subsequently stripped totally every 15 days, enabling the 
development of foliage production over time to be monitored and the influence of the date of first 
stripping to be measured every fortnight.  
The aftereffects of treatments were studied the following year by comparing the production of 
new shoots to that of control plants measured at their maximum productivity. These results are 
only available for Cadaba farinosa and Combretum aculeatum. 
3. Results 
3.1 Effects of stripping on annual production 
3.1.1 Seasonal evaluation of production 
Figure 1 enables the development of foliage production to be compared for three species over 
time. Owing to the absence of any form of utilization, the biomass development describes a 
looped curve reflecting foliage production, which characterizes the climb of the curve, and the 
fall of leaves. 
 
Figure 1. Comparison of seasonal trend's in foliage production for 3 browse bushes. 
Although the shape of the three curves is identical, it is easy to see that the peak did not occur 
at the same period. It occurred in August for Cadaba, in September for Feretia, and in October 
forCombretum. Moreover, it does not reach the same value for the three 
species: Combretum was the most productive, followed by Feretia. Although leaves fell more 
rapidly in Cadaba, in Feretia the leaves dry on the tree and defoliation occurs slowly during the 
dry season. The curve is modified by the interval and method of utilization. 
3.1.2 Influence of stripping interval and method on total production 
Table 1 illustrates the influence of stripping interval and method on the three species. The 
following may be noted for the three species: 
a) A drop in production according to interval; the production of the stocks which were totally 
stripped every 30 days was higher than those subjected to total stripping every 15 days. 
b) Given the same pattern, partial stripping (PS) results in more foliage than total stripping.This 
emerges less clearly for Cadaba where production in TS 30 was slightly higher than that of 
stocks which were partially stripped, but this can be interpreted in terms of the effect of a 
treatment initiated at an advanced stage of the plant cycle. 
Although in Combretum and Cadaba stripping had a depressing effect on total production, 
in Feretia it had a stimulating effect, since cumulative production in individuals subjected to a 
total stripping regime every 30 days and to partial stripping emerges as more productive than 
the maximum obtainable without treatment. 
Table 1. Cumulative average foliage production as a function of stripping interval and method in 
three browse bushes 
Treatment Cumulative production in g of DM/stock and species 
  Combretum aculeatum Cadaba farinosa Feretia apodanthera 
Control (max. biomass) 655 183 334 
Total stripping every 15 days 190 125 280 
Total stripping every 30 days 275 140 444 
Partial stripping 335 122 581 
 
3.1.3 Influence of date of first stripping on total production 
The results comparing the influence of first stripping date for the three species are given in 
Table 2, which shows cumulative production for each species and stock subjected to a total 
stripping regime every 15 days, beginning at 30 day intervals throughout the growth season and 
successively designated TSD0, TSD1, TSD 5. 
Table 2. Average cumulative foliage production as a function of date of first stripping three 
browse bushes 
Treatment Cumulative production in g of DM/stock and species 
  Combretum aculeatum Cadaba farinosa Feretia apodanthera 
Control (max. biomass 
without treatment) 
  
655 
  
283 
  
334 
TSD0 190 125 280 
TSD1 329 198 491 
TSD2 605 100 396 
TSD3 689   63 351 
TSD4 442   32 260 
TSD5 284 – 256 
  
In the three species, when the first stripping occurs while the production curve is climbing (see 
Figure 1) regrowth is more marked and stronger than when it occurs during the descending 
phase. InCombretum and Cadaba, highest total production is obtained when first stripping 
occurs when maximum production is reached (TSD 3 for Combretum and TSD 1 for Cadaba). 
The same is not true, however, for Feretia, in which the best date occurs at the beginning of the 
upward part of the case (TSD 1). 
3.2 Aftereffects of treatments one year later 
The aftereffects of the treatments were only studied for Cadaba farinosa and Combretum 
aculeatum. The effects were estimated one year after treatment by comparing the maximum 
production of individuals which had never been stripped (the control batch) to that of the 
regrowth on stocks which had been treated. As regards the latter, we considered the production 
of the old stems and that of new shoots separately, and analysed the influence of interval, 
method and date of first stripping. 
3.2.1 Aftereffects of stripping interval method 
One year later, in Cadaba and in Combretum, the depressing effect of stripping whether total or 
partial, could still befell, as shown in Table 3. 
Table 3. Aftereffects of stripping interval and method in two browse bushes 
Treatments Average foliage production in g. of DM/stock 
  Combretum aculeatum Cadaba farinosa 
  Old stems New shoots Total Old stems New shoots Total 
Control (never stripped) – – 715 – – 170 
Total stripping every 15 
days 
    1 0    1 39 0   39 
Total stripping every 30 
days 
321 5 326 75 0   75 
Partial stripping   60 0   60 57 0   57 
It could be seen in the marked drop in production of individuals which had been treated 
compared with the control group, adding emphasis to the trends recorded for the preceding year 
(see 2.1.2). 
In Cadaba no new shoots were put out. The depressing effect ranged from 31 to 77% for a total 
stripping regime every 15 days, from 22 to 55% for total stripping every 30 days and from 33 to 
65% for partial stripping. 
In Combretum, although stocks subjected to total stripping every 15 days as well as those 
partially stripped were no longer in a position to put out new shoots, individuals which were 
entirely stripped every 30 days did put out shoots and production increased slightly, with an 
attenuation of the depressing effect from 58 to 54%. 
These results are rendered all the more interesting by the fact that the difference between 
average maximum production in the two years is not statistically significant for the two species. 
3.2.2 Aftereffects of date of first stripping 
The resulting aftereffects of staggered stripping are shown in Table 4, which compares the 
production recorded for the two bushes. 
Table 4. Comparative aftereffects of date of first stripping in two browse bushes 
Treatments Average leaf production in g of DM/stock 
  Combretum aculeatum Cadaba farinosa 
  Old 
stems 
New 
shoots 
Total Old 
stems 
New 
shoots 
Total 
Controls – –  715 – – 170 
TSD0     1   0     1   39 0   39 
TSDl  181   6  187 175 0 175 
TSD2  479 10  489   67 6   73 
TSD3  824 50  874   24 0   24 
TSD4 1012 35 1047   46 0   46 
TSD5 1351 73 1424 – – – 
It emerges that in Combretum and Cadaba the periods in which the after effects of treatments 
were beneficial did not coincide and were even out of phase. 
In Combretum recovery was better if the treatment of the preceding year occurred late. Thus, for 
example, the production of TSD0, TSD1 and TSD2, in which treatment began while the growth 
curve was rising, was below that of the control group. Again, the production of stocks treated 
while the curve was dropping was higher than that of the control group and grew regularly from 
TSD3 to TSD4. 
This relative increase in production is probably due to less marked mortality in the stocks, which 
react by putting out new shoots, the production of which is added to that of the old stems. 
In Cadaba, individuals stripped during the declining production phase did not recover well. 
Moreover, stripping did not trigger off any new shoots in the subjects treated, except in stocks 
TSD 2, in which, however, production remained low. 
4. Discussion 
Although many experiments simulating browsing via a cutting method have been carried out on 
both perennial and annual grasses, as far as I am aware few authors have dealt with this topic 
in relation to browse trees. This fact restricts the discussion of results. However, it should be 
noted that there is some analogy between the influence of stripping interval on bushes and that 
of cutting on perennial grasses. The analogy is reflected in the drop in production in accordance 
with the utilization interval. Short intervals provide less browse than longer ones, and in addition 
they prejudice the survival of the plants, which may even lose the ability to put out new shoots. 
This tendency is particularly marked if stripping occurs late in relation to the onset of the plant 
cycle. The drop in production as a result of the stripping interval could be explained, as is the 
case for perennial grasses, in terms of the exhaustion of root reserves on which regrowth 
depends. 
Partial stripping is more productive than total stripping. It is interesting to note this fact, since 
partial stripping more closely resembles utilization by animals. Animals never in fact strip a bush 
totally bare, but make do with small mouthfuls snatched sparingly from different parts of the 
bush. This is why in the real life situation bushes suffer little, although they are subjected to a far 
more rapid interval, than the 15 days pattern which we tested, unless they are subjected for a 
very long period to this kind of selective browsing, as is the case on the livestock ranch at the 
Niono station, where the bushes have developed a dense, rounded habit with branches which 
have become inextricable. 
As regards the date of first stripping, the best period, as in the case of perennial grasses, is 
while the growth curve is rising when regrowth is at its strongest. The period at which 
cumulative production reaches its maximum appears to be the best in quantitative terms, but is 
this also true in terms of quality? It should be noted that this varies from one species to another 
(see 2.2). The aftereffects one year following treatment (see 2.2) can be beneficial if the plant 
reacts to stripping by putting out new shoots to compensate for the death of old stems. This was 
the case for Combretum aculeatum, for which it would be interesting to subject the TSD batch to 
a total stripping regime every 30 days, after maximum production had been reached. This is an 
interval which will result in their putting out new shoots, even one year later. 
These results provide few indications as to the optimum utilization rate for these browse plants. 
However, this has been no more than a first approach, and certainly an indirect one, to the 
effect of browsing on the production of ligneous forage plants. An approach by a direct method 
would appear to be necessary. 
5. Summary and conclusion 
Partial and total stripping at 15 and 30 days intervals, simulating different browsing methods and 
intensities, as practised on Combretum aculeatum, Cadaba farinosa and Feretia apodanthera in 
the Sudano-Sahelian zone showed that the interval, method and date of first utilization have an 
influence on the foliage production of the current year and may also affect the production of the 
following year. Stripping may have either a depressing effect (Cadaba and Combretum) or else 
a stimulating effect (Feretia) on the foliage production of the current year. In both cases a drop 
in production in accordance with the stripping pattern was recorded and, given the same 
stripping interval, partial stripping appeared more productive than total stripping. 
The highest total cumulative production was obtained when first stripping occurred while the 
growth curve was climbing. However, the optimum result differs from one species to another, 
and is obtained either when first stripping occurs after maximum production (October 
for Combretum and August for Cadaba), or when treatment is carried out as the growth curve 
begins to rise (Feretia). 
The impact of treatment during the following year was beneficial only when the plant put out 
new shoots to compensate for the death of stems, as was the case for Combretum. 
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Nitrogen cycling—water use efficiency interactions in semi-
arid ecosystems in relation to management of tree legumes 
(prosopis)** 
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Introduction 
The fertility of many overgrazed semi-arid ecosystems is so low that plant water use efficiency is 
much below its genetically predetermined capability. As a result fertility limits plant production 
just as severely as water (Wight and Black, 1979). Plant productivity is still limited by water 
because increasing water availability increases biomass production, but the biomass increase 
per unit of water is lower at the lower fertility levels (Hanks and Tanner, 1952). Tree legumes 
probably do not experience this low fertility because they are nitrogen fixers. The genetically 
determined water-use efficiency of tree legumes probably is lower than surrounding grasses, 
because legumes are C-3 plants while grasses are C-4 plants. Nevertheless since the tree 
legumes are not nitrogen-limited their water-use efficiency on infertile soils under field conditions 
may be higher than grasses. 
The planning for revegetation of semi-arid land for forage production should take into 
consideration the biomass production possible under nitrogen limitations, water limitations, and 
a combination of nitrogen-water limitations. To carry out this assessment it is necessary to know 
the naturally occurring nitrogen inputs and the water use efficiency of the plants on the site or 
projected for the site. We have reviewed the nitrogen inputs provided by: rainfall, blue-green 
algae-lichen crusts, non-symbiotic nitrogen fixers, and tree legumes and the ranges of water 
use efficiency typical of grasses and legumes. Given these nitrogen and water use inputs, the 
plant productivity (forage potential) is estimated for various rainfall regimes with and without 
exogenous nitrogen sources. 
Evaluation of nitrogen inputs 
An overcropped or overgrazed semi-arid ecosystem will be chosen to illustrate the nitrogen-
water use efficiency interaction where it will be assumed that grazing or agricultural pressures 
on the ecosystem have stabilized and constant yields are obtained. Thus nutrient inputs in the 
form of rainfall, blue-green algal lichen crusts, and non-symbiotic nitrogen fixation are in 
equilibrium with nitrogen removed from the ecosystem in the form of erosion, denitrification, 
feed grain, forage, and livestock sold to the city. This steady state analysis removes the 
necessity for estimation of nutrient pool sizes in soils, plants, or animals. 
Manure returned to farmers' fields has the effect of concentrating fertility in small regions, but 
manure causes no net nitrogen increase to the entire ecosystem as it is part of the nitrogen 
pool. Manure nitrogen is transformed into concentrated plant nitrogen but it cannot create a net 
fertility increase —only nitrogen fixers and chemical fertilizers accomplish that. 
If all the nitrogen inputs into an agricultural system are known it is possible to calculate the 
maximum amount of nitrogen that may be removed in agricultural products. Further it is possible 
to estimate the total dry matter production that may be removed in agricultural products by 
assuming typical values for plant dry matter, protein, and nitrogen contents. To estimate the 
maximum dry matter production per unit of nitrogen, a low nitrogen and protein content value 
should be used. Inspection of food composition tables reveals that most above-ground 
vegetation plant parts have nitrogen contents of at least 1.5% of dry matter with corresponding 
protein contents (X6.25) of 9.4% (Autret, 1970). 
An evaluation of the literature on each general category of nitrogen input follows. 
Blue-green algal lichen nitrogen fixation 
A review of blue-green algal lichen nitrogen fixation in semiarid ecosystems by Rychert et al 
(1978) listed five blue-green nitrogen fixation reports with nitrogen inputs in the range of 1.3 to 
100 kg N ha-1 yr-1. Rychert et al (1978) used the maximum value for moistened and enclosed in 
situ acetylene reduction values extrapolated for 365 days to obtain the yearly nitrogen fixation 
value. In the original papers cited by Rychert et al (1978) blue-green algal crust nitrogen fixation 
rates were reported to be: 3–4 g N ha -1 ha -1 when corrected for actual lichen density 
(MacGregor and Johnson, 1971); 10 g N ha-1 hr-1 if the entire region was assumed to be covered 
by lichens (Eskew and Ting, 1978); and 10 to 80 g N ha-1 ha-1 by Rychert and Skujins (1974). 
Both and Ting (1978) and MacGregor and Johnson (1971) found low levels (1 and 0 g N ha-1 ha-
1) for the first three hours after moistening in situ lichen crusts in contrast to Rychert and Skujins 
who found ethylene production five minutes after moistening the crusts. Mayland et al (1966) did 
not specify area measurement for their small sample assays but they calculated a nitrogen 
fixation of 10 kg N ha-1 63 days-1 which is equivalent to 14 g N ha-1hr -1 assuming 12 hr days. 
Mayland et al (1966)'s 10 kg N/ha/63 days was based on crusts which were kept continuously 
moist. Crusts which were moistened every three days by Mayland et al (1966) required 80 days 
before the increase in total nitrogen was significantly different from the initial nitrogen content. 
The extrapolation of hourly acetylene reduction assays or determination of nitrogen fixation on 
continuously moist lichen crusts to yearly time scales are not warranted because of the 
sensitivity of lichen crust nitrogen fixation to water stress. Rychert and Skujins (1974) have 
determined that nitrogen fixation by algal crusts drops to 1% of its maximum value when the 
lichen reaches a water potential of approximately 1 bar. Lichens might be expected to behave 
similarly to saturated soils which lose water with almost the same rate as the potential 
evapotranspiration until a dry crust is formed on the soil surface. Assuming an average lichen 
crust to be 4 mm thick (Mayland et al, 1966), and assuming a generous pore volume of 30%, 
only 1 mm of water would be contained in the lichen crust "root zone". Potential 
evapotranspiration rates of 10 mm per day are common in the southern California Colorado 
Desert and could be expected to dry lichen crusts to less than -1 bar in a matter of hours. 
Eskew and Ting (1978) moistened an in situ lichen crust with 25% of the average annual rainfall 
(9.3 cm) in one day and observed approximately 25 nmoles of ethylene cm2 (25 g N ha-1) for the 
event. This determination is probably the most realistic of all determinations and indicates 
nitrogen fixation by blue-green algal lichen crusts generally does not exceed 1 kg N ha -1 yr -1. 
Nitrogen in rainwater 
Nitrogen inputs from rainwater were determined over an eleven-year period in Riverside, 
California (Chapman et al, 1944). The average annual rainfall for the period was 330 mm and 
the average nitrite, nitrate, ammonia, and total N concentrations in the rainwater were found to 
be 3, 88, 91, and 181 mg per litre, respectively. The average input from all nitrogen compounds 
for the eleven-year period was 0.59 kg ha-1 yr-1. This is the only literature value we are aware of 
that estimates nitrogen in rainfall. Probably regions with higher rainfalls will have higher nitrogen 
inputs but it seems unlikely that semi-arid ecosystems can derive more than 1 kg ha-1 yr-1 of 
nitrogen from rainfall. 
Nitrogen fixation by free-living bacteria 
There is not as much controversy over the nitrogen fixation rates for free living bacteria as there 
is for blue green algae. Non-symbiotic nitrogen fixation rates were examined in a semi-arid 
region of California (Davis) receiving 400 mm annual rainfall where the four vegetation types, 
irrigated turf, fertilized and irrigated wheat field, native grassland, and a fallow soil were found to 
have yearly nitrogen fixation rates of 4.8 kg ha-1, 4.0 kg ha-1, 2.1 kg ha-1, and 3.5 kg ha-1, 
respectively (Steyn and Delwiche, 1970). These results were determined from monthly 
samplings using both 15N enrichment techniques and acetylene reduction. The nitrogen contents 
of these soils ranged from 2.5 to 5.5 mg N per gram of soil. Assuming a low C/N ratio of 6, these 
soils would have organic carbon contents of at least 1.5 to 3.3% and would be an order of 
magnitude higher than expected in Sahelian Africa (Dancette and Poulain, 1969) or desert 
regions of south-western United States (Tiedemann and Klemmedson, 1973). Since soil organic 
carbon is needed as an energy source to drive non-symbiotic nitrogen fixation and since the 
organic matter contents reported by Steyn and Delwiche (1970) are much higher than normal 
semi-arid soils, their estimate should be considered to be an upper estimate. The organic matter 
content of the soils in the California study was estimated by Steyn and Delwiche to be more 
than adequate for the nitrogen fixation rates they observed but this might not be the case where 
soil organic matter and nitrogen contents are 5 and 0.5 mg/g, respectively. 
Vlassek et al (1973) incubated soil cores over a six-month period with acetylene to stimate 
nitrogen fixation in a Canadian grassland where a value of 2 kg N ha-1 yr-1 was found. This value 
is in general agreement with a 1 kg N ha -1 yr-1 estimate of nitrogen fixation in another Canadian 
grassland study (Paul et al, 1971). 
Due to limitation of water and soil organic matter, non-symbiotic nitrogen fixation in the Sahelian 
zones of Africa, or in the Sonora, Colorado, or Mohave Deserts is probably not greater than 
found in the Canadian grassland study or in the grassland native vegetation site determined in 
the California study, i.e., 2 kg N ha-1 yr-1. 
Nitrogen fixation by tree legumes 
Nitrogen fixation values for tree legumes have been derived either from the nitrogen contents of 
sustained yield harvests or from differences in the soil nitrogen contents of grassland soils that 
are adjacent to areas cultivated with tree legumes. Unfortunately, these determinations were 
conducted either in a completely rainless region (Atacama desert) where Prosopis 
tamarugo exists solely on the groundwater or they were conducted in regions receiving 1,000 
mm which is outside the semi-arid classification. 
The largest values for nitrogen fixation by tree legumes comes from an analysis of sustained 
yield forage productivity of Leucaena leucocephala (syn. glauca) being grown in 
Australia. Leucaenagrowth for woody biomass is optimized if grown for several years without 
harvest. Forage quality from Leucaena is increased at the expense of woody biomass 
production if the trees are harvested every several months. When grown for 
forage Leucaena dry matter yields of forage, protein and nitrogen were found to be 12,600 kg 
ha-1, 3,600 kg ha-1, and 575 kg ha-1 for a 9-month growing season in Australia receiving 1,000 
mm annual rainfall (Hutton and Bonner, 1960). These values were observed in a trial that had 
been previously grazed for three years and that had a superphosphate and potassium sulfate 
addition but no supplemental nitrogen or irrigation. The 575 kg of nitrogen which were removed 
in a nine-month period from a previously grazed field represents the minimum value for nitrogen 
fixation by the Leucaena. 
Acacia mearnsii (syn. mollisima) trees are grown in South Africa in 8-year cycles for tannin 
production. When the first cycle of trees was grown on infertile soils the nodules were very 
abundant, but in the second and third cycles the nodule frequency decreased (Orchard and 
Darb, 1956). Presumably the high soil nitrogen levels present in later cycles repressed further 
nodule development. The soil nitrogen content was determined in the 30-year 
old. A. mearnsii tannin plantation and in an adjacent grassland field. The soil in 
the A. mearnsii plantation was found to have a soil nitrogen content 6,050 kg ha -1 greater than 
the nearby grassland which equals a 200 kg N ha-1 yr l soil nitrogen increased (Orchard and 
Darb, 1956). The A. mearnsii contribution to the soil nitrogen was probably much less than the 
nitrogen going into plant production, and therefore a nitrogen fixation rate of 200 kg N ha -1 yr -
1 by A. mearnsii is conservative. The rainfall was not stated but A. mearnsii generally is grown 
where the annual precipitation exceeds 900 mm. 
Nitrogen fixation can be estimated for Prosopis tamarugo growing in the rainless (0.7 mm yr-1) 
Chilean salt flats known as the "Pampa del tamarugal". These trees exist solely on a 3 to 6 m 
deep groundwater aquifer which is recharged from nearby mountains. The Chilean government 
has planted thousands of hectares of P. tamarugo in these salt flats for livestock fodder 
production. The median pod and leaf yield for 30-year-old trees are both 6,000 kg ha -1 yr-
1 (Salinas and Sanchez, 1971). The nitrogen content of the pods and leaves of these "tamarugo" 
trees have been reported to be 1.5 and 1.8%, respectively, by Pak et al (1977) and the nitrogen 
content for the yearly production is 198 kg ha -1 yr-1. Since this plant material is fed to livestock 
which are later sold in the city, this value of 198 kg ha -1 yr-1 is a good estimate of nitrogen fixed 
by P. tamarugo. 
It may seem unreasonable to quote nitrogen fixation values of tree legumes at 1,000 mm annual 
rainfall after being so critical of effect of moisture on nitrogen fixation by algallichen crusts. The 
difference is that the 4 mm thick lichen crust root can only hold 1 mm of water, whereas tree 
legume roots may penetrate to 10 m (Meinzer, 1927) where the stored soil moisture could 
amount to several thousand millimetres of water. Stored soil moisture 10 cm or more below the 
soil surface would be much less affected by evaporative losses from solar insulation than would 
soil moisture in the 4-mm thick lichen crust "root zone". 
It is difficult to extrapolate the nitrogen fixation that would be possible in rainfed semi-arid 
regions receiving 200–500 mm annual rainfall from ecosystems receiving more than 1,000 mm 
annually or from ecosystems with unlimited groundwater. However, an upp er estimate of 
nitrogen fixation can be obtained using empirically derived coefficients. If the annual rainfall was 
500 mm, the soil water recharge 75% of rainfall, the water use efficiency 1,000 kg of water per 
kg dry matter, the dry matter required per gram of nitrogen is 7 g (Herridge and Pate, 1977), and 
if 50% of the dry matter were used for nitrogen fixation, then 267 kg of nitrogen and 1,875 kg of 
dry matter could be produced per hectare per year. Most plant dry matter has nitrogen contents 
in the range of 1.5% and therefore only 28 kg of N would be required for the 1,875 kg of dry 
matter. 
Nitrogen fixation values for tree legumes in one area with groundwater and in two areas with 
precipitation over 1,000 mm were at least 200, 200, and 550 kg N ha -1 yr-1, respectively. We 
predict nitrogen fixation rates on the order of 100 kg N ha-1 yr-1 probably are possible in areas 
receiving 500 mm annual rainfall. 
Water use efficiency 
Two important features distinguish the water use efficiency of tree legumes from other annual 
crops. 
For annual crops the distribution of the rainfall throughout the growing season may be much 
more important than the average annual rainfall. Tree legumes have deeper root systems which 
tend to integrate rainfall throughout the season, thus making short-term fluctuations relatively 
unimportant. We are conducting a water use efficiency study with four varieties of Prosopis in 
the California Imperial Valley that illustrates the independence of tree legumes over rainfall 
distribution patterns. This site has a potential evapotranspiration of 2400 mm for the 9-
month Prosopis growing season and maximum temperatures of 37.7°C and 43.3°C for 102 and 
13 days, respectively. A 450 mm preirrigation was applied 45 days before transplant, 100 mm 
was applied with the transplanting operation, and two 280 mm irrigations were applied the rest 
of the season. The dry matter productivity for the best variety was 12,600 kg ha-1 (Felker and 
Cannell, unpublished). The second year's water application is now being carried out with a 
single irrigation applied before the onset of hot weather to maximize water infiltration. We expect 
this single irrigation to adequately provide for the second year's growth. 
A second feature which distinguishes trees receiving infrequent irrigation or rainfall from well-
irrigated annual plants is that transpiration from the trees cannot be estimated either from 
potential evapotranspiration or from meteorological data. These trees use the water as it 
becomes available and then go into a stage of limited metabolic activity until more water 
becomes available. These plants may have xylem water potentials as low as -45 bars (Mooney, 
1977) and have been termed arido-active plants by Fisher and Turber (1978). 
Since the tree legume dry matter production is not correlated with a summation of daily potential 
evapotranspiration, but is related to the yearly annual precipitation input, it is justifiable to 
estimate yearly dry matter production using empirical water use efficiency coefficients and the 
annual precipitation. 
Water use efficiency in terms of grammes of water required to produce a gramme of dry matter 
has been examined under conditions of high fertility by various workers. In a classic study, 
Briggs and Shantz (1914) measured water use efficiency in 15 kg sealed earthen pots of 
various cultivars of corn, wheat, oats, sorghum, 15 species of legumes, and grasses, forbs and 
shrubs native to Colorado. Water use efficiency for cultivars of the C-4 plants corn and 
sorghum, ranged from 220 to 400 kg H2O per kg dry matter and from 571 to 935 kg H2O per kg 
dry matter for 14 legume species. Cowpea (Vigna sinensis) was the most efficient (571 kg H2O 
per kg dry matter) while purple vetch (Vicia atropurpurea) was the worst with 935 kg H20 per kg 
dry matter. More recent work using gas exchange measurements under Australian field 
conditions confirmed this with a value of 305 to 340 kg H2O/kg DM for fertilized grass production 
and 700 kg H2O/kg dry matter for legumes (Ludlowand Wilson, 1972). Field studies which 
measured dry matter accumulation per unit of water applied also found water use efficiencies of 
238 kg H2O/kg DM for maize (Alessi and Power, 1976). 
Under non-fertilized range conditions a very different picture emerges because of the 
dependence of water use efficiency upon plant nutritional status. Hanks and Tanner (1952) 
examined the water use efficiency on fertilized and unfertilized Wisconsin soils. The water 
consumed was measured by determining the difference in stored soil moisture between harvest 
and planting after correction for precipitation and deep drainage. The water use efficiency for 
fertilized plots expressed in kg H2O/kg DM averaged 143% higher for corn and 174% higher for 
oats than the unfertilized control in a 2year field trial. A ten-year range fertilization study in 
Montana (Wight and Black, 1979) determined the water use efficiency by measuring 
precipitation and soil moisture with neutron probe equipment. The 10-year average dry matter 
yields for unfertilized and fertilized plots were 1057 and 2325 kg ha-1 and the average water use 
efficiency for unfertilized and fertilized range was 3846 kg H2O/kg DM and 1721 kg H2O/kg DM. 
These workers observed a yield plateau of 1250 kg ha -1 which was obtained in some of the 
wettest and driest years, e.g., 439 and 263 mm plant available water, respectively. This 
suggests that water was not limiting plant productivity above 1250 kg ha-1. These water use 
efficiencies are still much below that determined for many of the dominant plants of the Montana 
site such as Bouteloua gracilis, Artemesia fiigida, and Agropyron smithii for which Briggs and 
Shantz (1914) reported water use efficiencies of 377, 474, and 1076 kg H2O/kg DM, 
respectively, under conditions of good fertility. The increase in water use efficiency observed by 
Wight and Black (1979) probably would have been greater if the Montana soils had lower fertility 
levels comparable to Sahelian type soils. For example, prior to fertilization, the Montana soil had 
organic matter and nitrogen contents of 2.5 and 0.3%, respectively, whereas typical Senegalese 
(West African) millet farming regions receiving 500 mm annual rainfall have organic carbon and 
nitrogen contents of 0.27 and 0.03%, respectively (Dancette and Poulain, 1969). 
Two Prosopis water use efficiency studies, Dwyer and DeGarmo (1970) and McGinnies and 
Arnold (1939) found low water use efficiencies for Prosopis. Dwyer and DeGarmo (1970) 
reported a water use efficiency for shoot production of 4,400 kg H2O kg DM while McGinnies 
and Arnold reported a value of 1700 kg H2O/kg DM. The Prosopis used by these workers 
probably came from New Mexico and Arizona where the studies were conducted. Under 2 
uniformly irrigated field trials at the University of California, Riverside, with 
30 Prosopis accessions, accessions from New Mexico and Arizona had 1/6 to 1/30 the biomass 
productivity of Prosopis accessions from South America (Felker et al, submitted). All 
these Prosopis had the same water availability, and therefore the accessions with the greater 
biomass productivity could be expected to have substantially greater water use efficiency. We 
believe advanced South American Prosopis strains will have the same range in water use 
efficiency as that determined by Briggs and Shantz (1914) for annual legumes (e.g., 570 to 935 
kg H2O/kg DM). 
Estimation of biomass production from water use efficiency and 
nitrogen input data 
Having reviewed inputs of nitrogen and water use efficiency it is possible to calculate (estimate!) 
biomass productivities and pod yields that are possible with and without the use of tree 
legumes. The values that will be used for these calculations have been discussed earlier in this 
paper and are listed in Table 1. 
Table 1.Summary of coefficients used for biomass production calculation 
Nitrogen fixation by blue green algae 1 kg N ha-1 yr-1 
Nitrogen input from rainwater 1 kg N ha-1 yr-1 
Nitrogen from non-symbiotic nitrogen 
fixation 
2 kg N ha-1 yr-1 
Nitrogen fixation by tree Legumes 100 to 550 kg N ha-1 yr-1 
Nitrogen content of dry matter 1.5% 
Plant water use efficiency 
         C-4 plants 220-400 kg H2O kg DM-1 
         legumes and C-3's 570-935 kg H2O kg DM-1 
Precipitation efficiency 75% 
Harvest index 60% 
Annual rainfall 250-500 mm 
(Substantiations for these coefficients are provided in the text.) 
Assuming that 25% of the mean annual precipitation is lost by runoff and soil evaporation 
(Doorenbos and Pruit, 1975) for a precipitation efficiency of 75%, 188 to 375 mm of water is 
available to support plant growth in the 250 to 500 mm annual rainfall regime. At 250 mm 
annual rainfall under conditions of high fertility C-4 plants should be able to produce 8545 kg 
DM ha -1 yr-l to 4700 kg DM ha -1 yr-l and legumes should be able to produce 3298 to 2010 kg DM 
ha-l yr-1 depending upon the water use efficiencies reported in Table 1. If nitrogen inputs from all 
sources other than tree legumes are considered, i.e., 4 kg N ha -1 yr-1 only 267 kg DM would be 
possible at any rainfall using the coefficient of 1.5% N in dry matter. If a nitrogen fixation value 
of 100 kg N ha-1 yr-1 by tree legumes is used 6667 kg DM ha-1 yr-l would be possible and this 
would be adequate for plant dry matter production in regions receiving up to 500 mm annual 
rainfall using the highest water use efficiency for legumes, i.e., 570 kg H2O kg DM-1. Under the 
scenario of no nitrogen fixing legumes, water is not nearly as limiting as is nitrogen, and C-4 
plants with their higher photosynthesis capacities and water use efficiencies would have lower 
biomass productivities than legumes. 
Biomass productivities of legumes can be estimated to be in the 2,000 to 3,300 kg DM ha-1 yr-
1 range at 250 mm annual rainfall and 4,000 to 6,600 kg DM ha 1 yr 1 at 500 mm annual rainfall. 
Fruit or seed yield can be estimated from total dry matter production in annual crops using 
empirically determined harvest index coefficients. Harvest index can be defined as percentage 
of dry matter in the fruit divided by the total yearly dry matter production. Values of 20-40% are 
common in annual plants but little data is available for trees. Wallace et al (1951) determined 
the dry matter partitioning into fruits, blossoms, leaves, and twigs for 14-year-old citrus trees. 
Over a 2-year period encompassing a light and heavy alternate bearing citrus crop, the total 
reproductive effort into blossoms, fruit loss, and fruit accounted for 74.5% of total dry matter into 
fruit, leaves, and twigs. Growth of the main trunk and large branches were not included in the 
Wallace et al (1951) study but are not expected to be large in a mature (14-year-old) citrus tree. 
The 75% figure is not comparable to annuals because it does not include all above-ground 
productivity, but it does indicate large dry matter partitioning into fruiting structures. In order to 
achieve a 4,000 kg ha 1 pod yield goal at 500 mm annual rainfall, a 61% harvest index would be 
required if dry matter accumulations of 6,600 kg ha-1 yr-1 were achieved. In light of the high 
partitioning of citrus dry matter into reproductive structures this does not seem unreasonable. 
To ensure these rates of nitrogen fixation, water use efficiency, and dry matter accumulation, 
other mineral nutrients are also needed. The potassium content of mesquite pods have been 
reported to vary between 1.0 to 1.2% (Becker and Grosjean, 1980) requiring an addition of 48 
kg K ha-1 yr-1 to replace that removed in 4,000 kg of pods. Phosphorus levels of mesquite pods 
are not known but are probably one-tenth of the nitrogen content. Since mesquite pods are 
12.5% protein (2% N) the phosphorus content of the pods would be 8 kg. Soil sulphur levels 
below 5 ppm have been shown to limit legume growth in Australian field trials (Probert and 
Jones, 1977). An amendment of 50 kg of sulphur ha-1 would achieve a 5 ppm concentration to a 
1 m depth and probably adequately provide mesquite sulphur needs. The minerals P, K, and S 
are stable, not readily leached, and probably could be provided in one application every 10 
years. Assuming a slight safety margin, 100 kg P, 500 kg K and 50 kg S would be required 
every 10 years for a U.S. cost (1979 dollars) of $63, $119, and $5, respectively. 
Mesquite pod production 
Having concluded a hypothetical prediction of mesquite biomass production, pod yield data will 
be examined for three field plots in southern California. The oldest field plot located in Riverside 
has 25 randomly replicated accessions and was established in June 1977. This plantation was 
initially conceived as a nursery so that the trees are widely spaced (4.5 × 6.1 m) and in the 
summer the trees are irrigated every three weeks by furrow irrigation. 
A second planting, established in July 1978 at Riverside included 32 accessions representing 
12 species. Twelve trees of each accession were grown in three different basins where water 
was supplied when the soil water potential reached 0.6, 2 or 5 bars. A third planting was 
established in March 1979 in the California Imperial Valley to screen for biomass production, 
pod production, and to conduct a water use efficiency study. The Riverside climate is cooler 
(daily July maximum of 34.6°C) than the Imperial Valley climate (daily July maximum of 41.7°C) 
with the result that mesquite growth is nearly half as rapid in Riverside as it is in Imperial Valley 
(Felker et al, 1980). 
In the summer of 1978 one pod with a mass of 2.5 grams was produced from 
the Prosopis planted in Riverside. In 1979 Prosopis in their third season produced 30.8 kg of 
pods and those in their second season produced 2.4 kg. In Imperial Valley, 15 of the 1300 six-
month-old trees flowered and at least six produced pods. This early pod production is extremely 
important because it shows potential for achieving economic pod yields at early ages. Early 
flowering would also reduce the generation time in breeding and crossing studies and greatly 
facilitate transfer of genetic characters between accessions. 
Pod yield data for the 21/2 year old Riverside trees, for the 11/2 year old Riverside trees and for 
the 1/2 year old Imperial Valley trees are presented in Tables 2, 3 and 4. The consistently high 
pod production for several mesquite selections from Arizona, and nearby Mexico, 
e.g., P. velutina (0020), P. spp. (0032) and P. spp. (0025) are particularly noteworthy. As exists 
with most mesquite characters propagated from seed, the pod production among the early pod 
producing lines is quite variable. In the oldest plots the accession with highest average pod 
production (P. velutina (0020), had trees with no pods as well as those with 4.8 kg (10.61b). In 
fact, four of the 110 trees in the oldest plots at Riverside produced over 50% of the pod 
production for the plot. There is no obvious positive correlation between plant size and pod 
production since the three heavy pod producing accessions are considerably smaller than the 
large South American accessions. P. chilensis and P. alba. 
Table 2. Mesquite pod yield for trees at end of third growing season at Riverside 
Species Accession 
Number 
Origin Average 
Yield/Tree 
(g) 
Range in 
Yield/Tree 
(g) 
Total Yield 
Accession 
(g) 
Prosopis velutina 0020 Arizona 1650 0-4797 8248 
P. spp. 0025 Sonora, Mex. 1291 226-2913 5164 
P. spp. 0032 Arizona 1267 268-4709 6337 
P. glandulosa, var. 
torreyana 
 
0001 
 
California 
 
996 
 
0-3864 
 
9957 
P. velutina 0031 Arizona 75 0-230 301 
P. alba 0039 Argentina 44 0-250 262 
P. spp. 0030 Arizona 31 0-115 0125 
P. spp. 0027 New Mexico 26 0-102 102 
P. juliflora 0007 Unknown 10 4-19 30 
P. spp. 0029 Arizona 7 0-21 21 
P. spp. 0028 Texas 17 0-17 17 
P. chilensis 0010 Argentina       
P. alba 0163 S. America       
P. nigra 0038 Argentina       
P. nigra 0036 Argentina       
P. alba 0035 Argentina       
P. ruscifolia 0033 Argentina       
P. spp. 0026 New Mexico       
P. spp. 0024 Mexico       
P. spp. 0023 Arizona       
P. spp. 0022 Arizona   Un assigned: 281 
 
Total: 30.845 
 
or 68 lb P. spp. 0021 N. America   
P. chilensis 0009 Argentina   
During the summer months, these accessions are irrigated every 3 weeks by furrow irrigation. Plot yield 
previous year was 1 pod or 2.5 g. Moisture content is approximately 10%. 
Table 3. Mesquite pod production for second growing season at Riverside 
      Moisture Treatments 
      Wet (0.6 bar) treatment Medium (2.0 bar) 
treatment 
Dry (5.0 bar) treatment 
Species Accession 
Number 
Origin Number 
of trees 
w/pods 
Range 
pod 
yield/tree 
(g.) 
Total 
prod 
(g.) 
Number 
of trees 
w/pods 
Range 
pod 
prod./tree 
(g.) 
Total 
prod. 
(g.) 
Number 
of trees 
w/pods 
Range 
pod 
yield/tree 
(g.) 
Total 
prod. 
(g.) 
Prosopis 
velutina 
0020 Arizona 9 0–530 920 7 0–177 216 6 0–218 488 
Prosopis spp. 0032 Arizona 1 –   89 6 0–166 207 5 0–276 339 
Prosopis spp. 0025 Sonora, 
Mex. 
1 – 5 – – – 1 – 25 
Prosopis spp. 0080 Arizona 1 –   17 – – – 2 0- 29 34 
Prosopis nigra 0038 Argentina – – – 3 3–14 21       
Total:         1047     444     886 
Grand total: 2361 grams 
Only 5 of 27 varieties at Riverside produced pods second growing season. There are 12 possible pod 
producing trees per moisture treatment on a 4 × 4 ft spacing. The basin size is 12 × 16 ft (5.2 × 10–3 acre). 
Table 4. Mesquite flowering and pod set six months after transplant in Imperial Valley 
                                   Biomass section 
Species Accession 
Number 
Origin No 
flowering 
trees 
Flowers/Tree 
Avg. 
Flowers/Tree 
Range 
Pods/Tree 
Range 
Prosopis velutina  
0020 
 
Arizona 
 
5 
 
8.6 
 
1–20 
 
0-6 
Prosopis spp.  
0032 
 
Arizona 
 
8 
 
7.5 
 
1–12 
 
1-7 
Prosopis 
glandulosa vartorreyana 
  
0246 
  
California 
  
1 
  
1 
  
– 
  
2 
Prosopis velutina  
0247 
 
California 
 
1 
 
1 
 
– 
 
– 
                                   Pod character section 
Prosopis glandulosavar. 
torreyana 
  
0295 
  
California 
  
1 
  
30 
  
– 
  
3 
Prosopis 
glandulosavar.torreyana 
  
0224 
  
California 
  
1 
  
4 
  
– 
  
These measurements were made 23 August, 1979, when most of the pods were quite immature. As 
these trees are a 6 hr round trip drive from Riverside, it was not possible to collect mature pods because 
they fall off at maturity and the rabbits eat them. There were 16 possible trees/accession that could have 
produced pods in the biomass section and 8 in the pod character section. 
A germplasm collection trip was made in 1979 seeking to find pods high in sugar which have 
potential for fermentation to ethanol. Pods were evaluated in the field by tasting them for sugar. 
In one location of wild trees in the southern California Coachella Valley, an exceedingly sour 
and a very sweet tree were collected within 100 m of each other. These contrasting tasting pods 
were sent to the USDA Western Regional Research Center for analysis where the sugar 
contents for the pods minus seeds were found to be 40.8% and 13.4% for the sweet and sour 
pods, respectively. The sugar content for entire sweet pod was 36.5%. We now have the 
capability to mechanically separate the seeds from the pods (see below) and it is possible to 
obtain a dry 40% sugar flour after passage through a seed thresher and cleaner. This flour is 
easily transportable as long as it is kept dry. 
Manual separation of mesquite seeds from pods is a long, arduous task. We have constructed a 
device reported by Texan workers (Flynt and Morton, 1969) to be capable of separating 
mesquite seeds from pods. The starting unit costs $300 to purchase and required $130 of shop 
work to complete. This device does separate seeds from pods, but approximately 30% of the 
seeds are destroyed. 
We have found that "heavy duty" home meat grinders with coarse blades separate seeds from 
pods with less seed damage, but unfortunately they have burned-out motors, broken-off gears, 
etc. We are having a stronger meat grinder fabricated from a commercial meat grinder head 
(Hobart No. 12) and an industrial 1/3 hp, 170 rpm electric gear motor. 
A six-month-old small tree (75 cm tall) was observed in the Imperial Valley plots with 30 
blossoms that eventually had at least three pods. The wild parent of this tree was rather small in 
being approximately 3.3 m tall and 6 m wide, but was heavy with pods two years in a row. 
Because of the small size of these trees and the early age at which they produce pods, it seems 
reasonable that a high plant density (about 670 trees/ha) of small trees (3 m tall and 3 m wide) 
should be capable of producing larger yields in shorter time than larger more widely-spaced 
trees. For example, the 3 m tall and wide UCR trees which produced 4.8 kg of pods would have 
produced 3,201 kg/ha-1 if planted 3 m apart in the row and 5 m between rows (667 
trees/hectare). A 5 m between row spacing would allow 1.5 m for each of the trees to protrude 
into the row, and 2 m for small vehicular traffic between rows. While the 4.8 kg of pods/tree 
were obtained in the third growing season under frequently irrigated conditions, data from the 
differential irrigation treatment plots (Table 3) indicate that approximately half that yield might 
have been obtained under near dry land conditions. Accordingly, it seems that a yield of 6 
kg/tree/year might be obtained in 5 years under near dry land conditions and this would result in 
4,000 kg/ha–1/ year at an age of 5 years. 
As previously reported (Felker, 1979), we have obtained as much as 50 kg of dry pods from an 
8 m tall, 10 m wide mesquite tree with multiple 25 cm diameter trunks. If trees were planted to 
achieve this ultimate size they would have at least 10 m spacings for a density of 100 trees ha-1. 
An early pod yield of 6 kg/tree would only produce 600 kg ha-1 at the 10 × 10 m spacing whereas 
the 3 × 5 m spacing would produce 4,000 ha-1. This illustrates the advantage of high-density, 
small, early-bearing trees. 
Our concept of pod harvest technology is that the pods would be allowed to fall to the ground 
when they reached maturity. If labour were as inexpensive and as abundant as exists in many 
developing countries, the fallen pods could be raked into piles and loaded into bags, hoppers, or 
trucks. If mechanical harvesting is desirable the pods probably could be windrowed with a 
modified hayrake and then picked up with a mechanical device. The major difficulty we expect in 
mechanical harvesting is development of devices to prune the trees all the way to the trunk. We 
have hand-pruned 200 trees that are being examined for pod production. 
Prosopis pod production is seasonal with the pods ripening and falling off the tree in 
approximately one month. This will require pod collection, storage, and rationing of pods to 
animals throughout the year. This requires more effort than grazing animals but as we have 
seen the greater pod productivity should outweigh the difficulties in collecting and feeding pods 
to livestock. In connection with preparation of a "State of the art on Acacia albida", (Felker, 
1978) the senior author interviewed ten peanut farmers in Senegal regarding Acacia albida and 
found that 9 out of 10 farmers collected and stored 
Acacia albida pods for use later in the year. Two of these farmers stored 500 kg of pods to feed 
to beef cattle. Mesquite pods are presently collected in Mexico where they are ground and 
mixed with other rations for use as a livestock feed (Lorence, 1970). In 1965 mesquite pod sales 
in Mexico's commercial sector were estimated to be 14 million pesos (1.1 million dollars) 
(Lorence, 1970). This collection, storage, and rationing of tree legume pods in West Africa and 
Mexico illustrates that it is an acceptable social concept for developing country farmers. 
Summary and conclusions 
All sources of nitrogen input into semi-arid ecosystems have been evaluated and it is concluded 
that all non-legume sources combined contribute no more than 4 kg N ha-1 yr-1. Leguminous 
trees have been shown to fix from 200 to 550 kg N ha-l yr-1 and we postulate that a nitrogen 
fixation rate of 100 kg N ha-l yr-l is possible at 500 mm annual rainfall. Water use efficiencies by 
legumes and non-legumes have been reviewed where ranges of 220-400 kg H2O kg DM–1 and 
570-930 kg H2O kg DM-1 have been found for C-4 plants and legumes, respectively. By taking 
these water use efficiencies, nitrogen inputs, and the low fertility of semi-arid soils into 
consideration, we predict that a sustained dry matter removal no greater than 300 kg N ha-l yr-1 is 
possible without legumes because of nitrogen limitations. We also predict that sustained dry 
matter removals in the 2,000 to 6,000 kg N ha-1 yr-1 range are possible with nitrogen fixing tree 
legumes. Assuming a high harvest index of 60%, a 4,000 kg N ha-l pod yield goal is predicted 
for Prosopis. 
The sustained dry matter yield of 300 kg N ha-1 yr-1 without legumes is in good agreement with 
continuously cropped dry matter yields in Senegal. Gillier (1960) found the yield of continuously 
cropped peanuts without fallowing or fertilizer amendments was 355 kg/ha and Dancette and 
Poulain (1969) found sorghum yield outside A. albida canopy cover to average 460 kg ha-1 at 
500 mm annual rainfall. Dancette and Poulain (1969) also demonstrated that the yield of an 
annual legume such as peanuts could be increased if grown beneath a tree legume. As 
discussed elsewhere (Felker, 1979) we believe the peanut yield increases under Acacia 
albida trees illustrate the advantages deeply rooted tree legumes have in overcoming inhibitory 
effects of transient moisture stress on nodulation and nitrogen fixation. If non-nitrogen fixing 
trees, shrubs or grasses are to be grown without nitrogen fertilization they should be grown in 
mixed plantations with nitrogen fixing trees such as Prosopisor Acacia. 
Field data on pod productivity shows great variability between and within accessions probably 
because of outcrossing in Prosopis. A maximum of 4.8 kg of pods has been produced from a 
single 2.5 m tall tree in the third growing season at Riverside. Some accessions, which have 
produced pods as early as six months after transplant display remarkable promise for earliness 
in pod production. Dwarf Prosopis trees in 3 × 5 m spacings yielding 667 trees per hectare are 
suggested to achieve high yields at an early age (5 years). Prosopis orchards will require more 
attention than pastureland, as the pods from Prosopis will have to be collected, stored and 
rationed to animals for most effective utilization. We predict the greater effort required for tree 
legumes will raise the sustained capability for dry matter production from 300 kg N ha -l yr-l to 
3,000 kg N ha-1 yr-l and greatly increase the livestock producing capability of the land. 
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1. Introduction 
This paper considers the potential of Acacia browse as a food resource for meat production 
either by domestic livestock or by a free-ranging ungulate population cropped to provide a 
sustained annual protein yield. 
In many areas of Africa, especially the Sahelian and Sudanian arid and semi-arid areas of West 
and Central Africa, traditional livestock management, faced with the combined problem of 
overgrazing and drought, has been shown to be inadequate to meet human protein needs. As 
Le Houérou (this volume) states in his paper on the browse in these ecological zones, these 
rangelands do, however, support reasonable densities of shrubs and trees (density range of 
between 100 and 2000 woody plants per hectare), with an estimated productivity of about 1 kg 
consumable dry matter/ha/year/mm of rainfall. 
Although this forage potential of browse has been exploited (and over-exploited in most areas) 
by pastoralists, until recently it has been largely ignored by rangeland ecologists. In East Africa, 
no browse biomass or production measurements have been published, and only qualitative 
statements have been made of offtake rates by browsers, or browse impact assessments. 
Compared with the research effort and commitment allocated to grassland communities, the 
dynamics of browse has been seriously neglected. 
A contributing factor to this neglect is the lack of any standardized techniques for the 
determination of browse production and its consumption. The browse material is often 
inaccessible without special equipment, and because of the extreme variability of the resource, 
grassland techniques cannot, in general, be adapted. 
It is not the intention of this paper to discuss techniques, which have been excellently reviewed 
by Rutherford (1979). Only a very superficial outline is provided of the methods employed, as 
these are discussed elsewhere in detail (Pellew, in prep.); instead, attention is concentrated on 
the results which, it is hoped, will at least partly remedy the deficiency of published data of 
browse dynamics in East Africa. 
All the data presented in this paper were collected as part of a four-year study in the Serengeti 
National Park, Tanzania, of browse yields in the Acacia dominated woodlands and their 
consumption by giraffe. 
2. Definitions and methods 
"Available browse", as referred to in this paper, is defined as the sum total of the plant material 
produced by a variety of woody species that is potentially edible to ungulates. It comprises all 
the green leaf and all the young unlignified (i.e. before secondary thickening) shoots of the 
current season's growth. Available browse is also defined by its accessibility to ungulate 
consumers. All the data in this paper refer to browse material occurring between ground level 
and a height of 5.75 m, the maximum reach of a bull giraffe. Browse above this height is 
considered to be unavailable as in a non-destructive way it is inaccessible to unglates. The 
extremely dense foliage of certain broad-leaf bushes, especially Grewia bicolor and G. 
fallax, can impede access by browsers, thus reducing availability. Therefore, for dense bushes 
with a foliage density class 4 or 5, either the outside 50 cm or the surface area only of the bush, 
respectively, is included as available biomass. 
This measure of availability is thus a gross quantitative estimate with no qualitative restriction in 
the form of palatability. Standing crop biomass figures thus tend to be overestimates of actual 
available browse, as a proportion of the forage included in the estimates would be rejected by 
the consumers as unpalatable. No attempt has been made to quantify this proportion, although 
a subjective judgment based on giraffe feeding behaviour would suggest that it was small. 
Species composition, height structure, tree density, and available canopy volume were 
determined for each woodland type by the Point-Centred Quarter (PCQ) technique of vegetation 
sampling (Cottam & Curtis, 1956). 
Available canopy volume was converted to available biomass by a direct estimation technique. 
Each PCQ sample tree was categorized by species, and visually, by foliage density class on a 
scale of 0-5. Every tenth tree of each category was photographed and then harvested to 
determine available browse biomass/m3 of canopy volume. PCQ sample trees that were not 
harvested were then assigned a biomass/m3 figure by comparison with the photographs of the 
relevant category and best photographic fit. This Successive Photographic Approximation 
technique produced quick, cheap, and consistently reliable results. Trees estimated this way 
before harvesting showed an error factor of less than 10%. Harvesting was terminated when the 
standard error of the sample of a category was less than 10% of the mean. Biomass estimates 
could then be made in a non-destructive way. The drawback of the method is that techniques 
based on direct estimation cannot be treated by normal statistical analyses. Regression 
techniques (Rutherford, 1979) were tried and rejected due to poor correlations and excessive 
variances. 
Productivity was estimated using tagged sample shoots on three Acacia species, A. 
tortilis and A. hockii of the ridge-top woodland type and A. xanthophloea of the riverine 
woodland type. Browsing was excluded by fencing, and at three-monthly intervals the shoots 
were clipped and weighed. These weights were converted to production estimates per hectare 
from estimates, derived from sample counts, of the total number of shoots per hectare. 
Consumption was determined as an "index of consumption" by comparison of browse 
productivity rates with and without giraffe browsing. The index demonstrates the proportion of 
primary shoot production consumed by giraffe, and is expressed as a percentage of unbrowsed 
shoot production. Actual consumption was calculated from feeding trials of measured quantities 
of browse using captive giraffe. 
2.1 The woodland types 
The study was conducted in the Acacia dominated woodlands of the catchments area of the 
Upper Seronera River in the Serengeti National Park, Tanzania. Four woodland types were 
recognised, the distribution of these associations depending upon the topography and drainage. 
They were classified according to their position within the drainage catena, as follows: 
a)  Ridge-top (and upper slope) Acacia regeneration thicket. 
b)  Mid-slope open mature woodland. 
c)  Valley bottom woodland, which sub-divided on the basis of the permanence of the drainage 
water flow: 
c.i)Korongo (stream-line) thicket of the seasonal water-courses. 
c.ii)Acacia xanthophloea riverine woodland of the permanently flowing Seronera River. 
These four woodland types were assessed separately for estimation of available browse 
biomass. The species and available canopy volume composition of each type are shown in 
Table 1. 
Table 1.The composition of the main woodland types of the upper seronera river catchment, 
serengeti national park 
Vegetation 
type 
Canopy 
cover 
density 
Principal browse 
species 
Species 
composition 
Available 
canopy 
volume 
Available 
browse 
biomass 
          Wet 
season 
Dry 
season 
Ridge-top 
Acacia 
regeneration 
thicket 
23.4% Acacia tortilis 48.9% 48.6% 55.2% 51.6% 
Acacia senegal 16.6 10.6   9.6   8.4 
Commiphora trothae   9.0 17.1   7.9   2.7 
Acacia hockii   7.5   2.6   2.3   2.6 
Acacia clavigera   7.4   9.6 10.0 12.4 
Grewia species(2)   0.7   8.9 12.2 19.5 
Other species(ll)   9.9   2.6   2.8   2.8 
Mid-slope 
Open 
mature 
woodland 
4.4% Acacia tortilis 57.1 62.2 69.5 66.3% 
Commiphora trothae 11.9 17.1   7.9   2.7 
Acacia senegal   9.5   5.2   4.7   4.1 
Acacia hockii   7.1   1.5   1.7   1.5 
Balanites aegptiaca   4.8   8.1   7.0 11.4 
Other species(4)   9.6   5.9   9.2 14.0 
Korongo 
thicket 
26.4% Acacia hockii 17.6   6.8   5.5   4.1 
Acacia clavigera 13.1   8.5   4.3   3.1 
Acacia gerrardii 12.4   5.7   3.4   2.6 
Grewia species(2)   6.7 42.9 59.0 61.2 
Dichrostachys cinera   6.1   0.5   03   0.3 
Acacia tortilis   5.7   4.0   2.4   2.4 
Cordia ovalis   2.6   9.6   9.7 11.0 
Other species(25) 35.8 22.0 15.4 15.3 
Acacia 
xanthophloea 
Riverine 
Woodland 
30.3% Acacia xanthophloea 75.9 90.1 87.4 88.5 
Phyllanthus sepialis   7.5   0.6   0.7   0.7 
Acacia tortilis   5.7   1.3   1.7   1.4 
Acacia siberiana   3.6   1.7   2.3   2.3 
Other species(18)   7.3   6.3   7.9   7.1 
  
The mean annual rainfall of the area is about 800 mm, of which 17% falls in the five-month dry 
season of June to October. December (16%) and April (18%) are the wettest months coinciding 
with the short and long rains. Mean monthly rainfall data for the ten year period 1962–72 is 
shown in Figure 1 (Norton-Griffiths, Herlocker & Pennycuick, 1975). The area lies in eco-climatic 
zone Pas defined for East Africa by Pratt and Gwynne (1977). 
 
Figure 1. Monthly variations in available biomass per hectare for sample area of ridge-top 
acacia regeneration woodland. 
3. Results 
3.1 Woodland structure, cover density, and canopy volume 
Table 1 shows the composition of the four woodland types in terms of absolute canopy cover 
density, species composition, and available canopy volume. The figures give a general picture 
of the woodland types in the context of which their dynamics can be discussed. A. 
tortilis dominates the ridge-top and mid-slope types (49% and 62% of the available canopy 
volume respectively), whilst theGrewia bushes, G. bicolor and G. fallax dominate the korongos 
(43%). With 90% of the volume, the riverine woodland can be considered essentially as a pure 
stand of A. xanthophloea. 
The relative seasonal biomass of available browse is also shown in Table 1 by species for each 
woodland type. Interseasonal variance is largely due to the deciduous dry season characteristic 
of certain browse species, including A. tortilis, A. senegal, A. hockii, and 
particularly Commiphora trothae. Seasonality is less manifest in the valley bottom woodland 
types, which have a higher ground water table. 
3.2 Browse biomass 
The biomass per hectare of available browse forage is shown in Table 2 for the four woodland 
types. The figures refer to the biomass of consumable material only, comprising young shoots 
and leaves, and exclude all lignified branches and stems. 
Table 2. Biomass of available browse less than 5.75 m above ground level 
Vegetation type Total 
available 
canopy 
volume in 
Z/ha 
Total available 
browse 
  biomass kg/ha 
Biomass per cubic 
metre of Available 
canopy kg/m3 
    Wet 
season 
Dry 
season 
Wet 
season 
Dry 
season 
Ridge-
top Acaciaregeneration 
thicket 
3078.5 523.1   252.6 0.17 0.08 
            
Mid-slope  
open  
Woodland 
  299.5    47.5      22.8 0.15 0.08 
           
Korongo (stream-
line)  Thicket 
5040.2 1440.6 1111.5 0.29 0.22 
Acacia 
xanthophloeaRiverine 
woodland 
2627.3 359.9    294.1 0.14 0.11 
The korongos provide the greatest quantity of browse forage per hectare, especially in the dry 
season. This is reflected in the dry season giraffe distribution, for at this time, when the drier 
ridge-top and upper slope woodlands are shedding their leaves, green browse biomass in still 
available in the korongo and riverine woodlands, and here the giraffe concentrate their 
browsing. 
The high korongo biomass is due to the dominance of the broad-leaf shrubs, Grewia bicolor, 
G. fallax, Cordia ovalis, and Gardenia jovis-tonantis. Although collectively they represent only 
9% of the species composition, they contribute about 75% of the total available biomass of the 
woodland type. Although it has often been used for the purpose, frequency of occurrence is a 
very poor indicator of availability of browse (Leuthold, 1972). 
Collectively, the mean wet season biomass/m3 of all broad-leaf shrubs is 0.36 kg/ 
m3 (S.D.±0.17), compared with a mean figure for all Mimosaceae browse of 0.15±0.05 kg/m3. In 
the dry season these figures fall to 0.27±0.14 kg/m3 and 0.05±0.02 kg/m3 respectively. These 
woodland types dominated by Acacia species thus produce a small biomass/m' of available 
browse, due to the lower foliage density of the canopy, and in the dry season with leaf loss and 
no new shoot production, the biomass/m3 of Acacia canopy falls to a low level. 
3.2.1 Biomass and rainfall 
The effect of seasonality upon browse biomass is demonstrated in Figure 1 for a sample area of 
about 33 hectares of ridge-top mixed Acacia regeneration. Intra-specific variation in available 
biomass is shown on a monthly basis, together with mean monthly rainfall for the ten-year 
period 1962–72. 
Consumable browse mass accumulates throughout the wet season reaching a peak at the end 
of the rains of 712 kg/ha. The dry season fall in biomass is due initially to shoot dormancy and 
the lignification of existing shoots, and then to leaf loss. The biomass decline follows about two 
months after rainfall decline, reaching a minimum in September of 167 kg/ha. The extreme 
interseasonal range in biomass is thus greater than a four times factor. The Acacias flush again 
in advance of the rains, and although the timing of this flush varies interspecifically, it is phased 
out over a four-week period in October. This flush is of new leaves only, and presumably is the 
result of the translocation of metabolites stored in the roots. New shoot production resumes with 
the onset of the early rains in November, and the browse mass again accumulates. 
For this sample area, the mean seasonal biomass of available browse was 594 kg/ha 
(S.D.±101, range 410 to 712) and 304 kg/ha (S.D±136, range 166 to 524) for wet and dry 
season respectively. 
Thus at the end of the dry season when grass in scarce and at its lowest nutritional level, the 
browse plants are actively producing new forage. The significance of this production at the most 
critical time of year is important in any browse utilisation scheme. 
3.2.2 Height distribution biomass 
The availability of this browse biomass to a variety of different ungulates, both domestic and 
wild, depends upon its vertical distribution. Table 3 shows the height stratification of the browse 
biomass up to 5.75 m for this sample ridge top area. The vegetation comprised ten year old 
mixed Acacia regeneration of about 28% canopy cover density, which has developed as a result 
of the almost total removal of the overstorey by elephants, combined with the introduction of 
effective fire protection. 
Table 3. Vertical distribution of canopy volume and browse biomass below 5.75 m in the ridge-
top Acacia regeneration thickets 
Height 
Strata 
Canopy 
Volume 
m3/ha 
Available browse biomass Biomass/m3 of canopy 
volume 
    Wet season Dry season Wet season Dry season 
kg/m3 
    % kg/ha % kg/ha % kg/m3   
Below 
1m 
  185.7    6   10.7   2     2.1   1 0.06 0.01 
1-2 m   953.3   3   99.0 19   38.2 15 0.10 0.04 
2-4 m 1447.9 47 272.5 52 133.5 53 0.19 0.09 
5-5.75 m   491.6 16 141.0 27   78.8 31 0.29 0.16 
Total 
below 
5.75 m 
3078.5 
m3/ha 
  523.1 
kg/ha 
  252.6 
kg/ha 
  0.17 
kg/m3 
0.08 kg/m3 
Only some 20% of the total browse biomass lies below 2m. Most browse is thus above the 
reach of domestic livestock, except camels, unless the material is cut. And uncontrolled cutting 
can weaken and eventually kill the tree, in arid areas resulting in accelerated erosion and 
desertification 
The biomass density increases with height. A cubic metre of canopy at 5 m produces five times 
the consumable biomass of a cubic metre at 1 m. The low canopy below 2 m represents about 
37% of the total volume, yet in the dry season it produces only 16% of the total browse biomass. 
The low browse accessible to livestock thus represents only a small proportion of the browse 
available to giraffe. Even the camel can exploit only 70% of the giraffe's food resource. 
These results are comparable with figures from Southern Africa. Dayton (1978), in 
mixed Combretum apiculatum /C. zeyheri bushwillow veld in the Kruger National Park, 
estimated the standing crop biomass of currentshoots considered potentially edible for the two 
species combined at 1527 kg/ha. The biomass was then stratified into three height classes 
according to the maximum reach of impala (1.5m), kudu (2.5m), and giraffe (5.5m). The vertical 
distribution of the edible biomass was 4% below 1.5m, 5% between 1.6 – 2.5m, 67% between 
2.6–5.5m, and 24% above 5.5m. The total edible biomass below 5.5m was 1156 kg/ha. The 
height stratification suggested by Dayton is very similar to the Table 3 data. 
In another study in riverine vegetation in north-western Zimbabwe, Goodman (1975) estimated 
the twig and leaf mass at 2240 kg/ha, of which 50% was above 5 m height and only 33% below 
2.5m. These results are again comparable with the Table 3 figures for the korongo woodland 
type. 
3.3 Browse production 
Rates of above ground production of browse available to giraffe are shown in Table 4 for the 
three Acacia species, A. xanthophloea, A. tortilis, and A. hockii. 
Table 4 Rates of net primary production of consumable browse below 5.75 m 
Browse species Woodland type Percentage of total 
available canopy 
volume of 
woodland type 
Mean net primary 
productivity 
Acacia 
xanthophloea 
Riverine 
woodland 
90.1%                  4975 
95% limits±1184 
Acacia tortilis Ridge-top Acacia 
regeneration thicket 
48.6%                   904 
95% limits ± 128 
Acacia hockii Ridge-top Acacia 
regeneration thicket 
2.6%                    58 
95% limits ± 14 
A. xanthophlea is the dominant species of the riverine woodland, representing 90% of the 
canopy volume below 5.75m. In the relatively dense regeneration areas (canopy cover density 
of 30.7%) it has an unbrowsed production of nearly 5000 kg/ha/annum. A. tortilis contributes 
nearly half the available canopy volume of the ridge-top woodland type and has an unbrowsed 
production of about 900 kg/ha/annum. A. hockii is a minor ingredient of the ridge-top woodlands, 
but is important in the giraffe's diet. The annual production of browse forage by the ridge-top 
woodland type as a whole can be estimated at about 1725 kg/ha. 
In Table 5, these production rates are compared with production estimates for savanna woody 
vegetation reported by Rutherford (1978) in Southern Africa. An estimate of 1725 kg/ha/annum 
for the ridge-top Acacia regeneration thickets is not dissimilar to these production figures. 
However, a yield of some 5000 kg/ha/annum for the A. xanthophloea riverine woodland is 
substantially greater than has been previously recorded for savanna browse. 
Table 5. Productivity rates of browse from a variety of savanna woodland types 
Woodland type Plant 
part 
Production 
kg/ha/annum 
Study 
location 
Author remarks 
Acacia xanthophloeaRiverine woodland New 
shoots 
and 
leaves 
5000 Serengeti 
National 
park 
This study Production 
of browse 
below 
5.75 m 
only 
Acacia ridge-top regeneration thicket New 
shoots 
and 
leaves 
1725 Serengeti 
National 
Park 
This study Production 
of browse 
below 
5.75 m 
only 
Colophospermum mopane woodland Twigs 
and 
leaves 
1510 S.E. 
Rhodesian 
lowveld 
Kelly 
(1973) 
Range 
590 - 2120 
sample 
size = 9 
Dense 
shrubColophospermumMopane andGrewia sp. 
Green 
leaf 
1490 S.W. 
Rhodesia 
Kennan 
(1969) 
0.2 ha 
sample 
area 
Burkea africanaWoodland savanna Leaves est 1000 S.W. 
Africa 
Rutherford 
(1978) 
Annual 
leaf 
production 
5% of total 
mass 
In fact, the annual browse production of the riverine woodland compares very favourably with 
the above ground production of most savanna grasslands; Sinclair (1975) estimated 
productivities of about 4000 kg/ha for the Serengeti short grasslands and 2500 kg/ha for the 
long grasslands during one growing season of about 8 months at 500 mm rainfall. A similar 
general value of 4250 kg/ha/annum is given by Phillipson (1973). Such comparisons indicate 
that annual browse production available to ungulates can in certain instances match or even 
exceed that of grasslands. But theA. xanthophloea is exceptional in that it occupies a fertile site 
with permanently flowing ground water, and thus continues to produce browse forage 
throughout the year. 
A comparison of shoot increments during the four quarterly periods that the tagged shoots were 
monitored, shows that the production of A. xanthophloea browse continues throughout the year. 
The quarterly production estimates for the three Acacia species are shown in Table 6, these 
figures being derived from the relative shoot increments during each quarter. 
Table 6 Estimated rates of quarterly production of available browse below 5.75 m 
    A. xanthophloea A. tortilis A. hockii 
Measurement 
period 
Season Quarterly 
production 
kg/ha/3 
months 
% of total 
annual 
production 
Quarterly 
production 
kg/ha/3 
months 
% of total 
annual 
production 
Quarterly 
production 
kg/ha/3 
months 
% of total 
annual 
production 
January–March Wet 1573 32% 365 40% 21 36% 
April–June Wet/(dry) 1435 29% 297 33% 22 38% 
July–
September 
Dry   894 18%   46   5%   4   7% 
October–
December 
Wet/(dry) 1073 22% 196 22% 11 19% 
Even during the dry season period, A. xanthophloea continues to produce substantial quantities 
of browse (894 kg/ha), at a time when the productivity of the ridge-top woodland is very low 
(approximately 90 kg/ha). It is this dry season production that concentrates the giraffe in the 
riverine woodland during the dry season. Of the tagged A. tortilis shoots, 82% were dominant 
during the July–September dry period as compared with 38% dormant in A. 
xanthophloea during the same period. 
A. tortilis does show some dry season shoot growth, but it comprises a very small proportion of 
total annual production. If there was no dry season production, then the available A. 
tortilis biomass would soon fall almost to zero as the last wet season's shoots became lignified 
and unavailable. In fact, even in the driest month, some A. tortilis browse is available, derived 
from the very low level of shoot production 
3.4 Browse consumption 
Consumption rates of browse by giraffe are shown in Table 7. Two measures are presented, the 
"index of consumption" expressed as a percentage of browse production, and the actual rate of 
consumption expressed in kg/ha/day and determined from feeding trials. 
Table 7.Rate of consumption by giraffe of browse below 5.75 m 
Browse species Woodland 
type 
Index of 
consumption 
Actual rate of 
consumption 
      kg/ha/day % of primary 
production 
Acacia 
xanthophloea 
Riverine  
woodland 
85% 10.6 78% 
Acacia tortilis Ridge-
top Acaciaregeneration 
thicket 
68%   1.4 58% 
Acacia hockii Ridge-
top Acaciaregeneration 
thicket 
61%   0.1 54% 
Comparison of the actual rate derived using the index suggests that the index is an over-
estimate of actual offtake. For A. xanthophloea, an index of 85% of primary production implies a 
consumption rate of 11.6 kg/ha/day as compared with an actual rate of 10.6 kg/ha/day. The 
actual rate of offtake is 78% of production. For A. tortilis and A. hockii, actual consumption 
represents 58% and 54% of production. 
The significance of these figures lies in the high proportion of the browse production being 
removed, and the apparent resilience of the Acacia to such high offtake rates. Data of browse 
offtake rates in savanna ecosystems have not been published, so comparisons are not possible, 
but Lamprey (this volume) assumes a 50% rate of browse offtake in determining browse impact 
in the Tarangire National Park, Tanzania. 
The proportion of the annual browse production removed by giraffe is certainly very high, 
especially in the case of A. xanthophjloea. And the browsing pressure exerted by the giraffe is 
increasing as the population expands beyond its present density of 1.6 giraffe/km2. In the 
absence of crowding or resource limitations, the intrinsic rate of population increaser m, equals 
0.09, with a population doubling time of only eleven years (Pellew, in prep.). 
The browsing pressure upon the tree regeneration has been consistently heavy for at least the 
last six years, for the increase in giraffe density during this time has been compensated for by 
the development and increasing biomass of the food resource. 
Yet despite such high offtake rates over several years, no evidence of reduced vigour can be 
detected in the regeneration. The browsing certainly stunts growth producing unusual topiary 
shapes, yet the trees appear to be highly resilient to this level of offtake, with no obvious decline 
in browse production. Despite appearances, there is no evidence of an "overbrowsing" situation. 
The term "overbrowsing" has in the past been used in an unquantified way on the basis of 
casual observation (Musoke, 1980). Because of the resilience of the woody vegetation to heavy 
browsing impact, the undefined use of the term is misleading, implying as it does a reduction in 
plant vigour caused by unsustainable offtake. 
In many African Acacias, including A. xanthophloea, A. tortilis, and A. hockii, a significant 
proportion of the tree's total chlorophyll is located in the epidermal layers of lignified shoots 
which are not ingested by browsers, except by the destructive feeding of elephants. It is 
possible that this old shoot chlorophyll represents a response to browsing pressure and may 
partly explain the tree's tolerance to sustained high rates of offtake for defoliation by browsing, 
or leaf shedding in the dry season, and may not preclude photosynthesis. 
The ratio of shoot to leaf chlorophyll varies considerably both inter- and intra-specifically, and 
even between shoots on the same tree, but can be as high as 60% shoot, (Pellew, in prep.). 
The photosynthetic effectiveness of old shoot chlorophyll has not been assessed, but due to 
problems of gas exchange, reduced light penetration through bark tissues, and translocation of 
metabolites, it is likely to be considerably less than leaf chlorophyll. 
The grassland-herbivore dynamics in the Serengeti have been investigated by McNaughton 
(1979), who concludes that the ability of the grasslands to support such a high ungulate 
biomass can be explained by the opportunistic feeding behaviour of the consumers and by the 
grazing adaptations of the vegetation resource. Describing some of the grasses as "obligate 
grazophils", he demonstrates that grazing stimulates above ground productivity, that the 
grasses show considerable resistance to heavy grazing, and that grazed genotypes show 
definite adaptations to high offtake in the form of shorter internodes, smaller leaves, and 
prostrate culms. Offtake spread over only a few days, may reach as high as 85% of green 
forage biomass. McNaughton concludes that these grasses are able to maintain significant 
levels of net productivity under such severe defoliation regimes, which few cultivated grasses 
could tolerate, as a direct consequence of selection for grazing resistance. 
It is probable that a similar situation exists in the browse-herbivore system, and that the 
resilience of the Acacia trees to such high browsing pressure is the result of positive selection 
for resistant genotypes. Unbrowsed shoot chlorophyll obviously confers considerable potential 
photosynthetic advantage to an individual subjected to severe defoliation. The maintenance of 
adequate photosynthetic material to replenish root reserves is the critical factor determining 
browsing resistance, especially the removal of new leaf at the end of the dry season before the 
onset of the rains when shoot production resumes. It is conceivable that browsing pressure has 
encouraged the selection for genotypes with an increased threshold of root replenishment and 
consequently a higher resistance to defoliation. 
When extreme browsing impact, even this high threshold will be exceeded so that the plant 
becomes a net consumer of metabolites with insufficient replacement to maintain adequate root 
reserves. This condition would be manifest by a decline in plant vigour and an increased 
susceptibility to other environmental factors, such as drought or fire. I have observed such a 
development on a cattle ranch in Northern Kenya, where a very high giraffe density has reduced 
the vigour of A. gerrardii and A. drepanolobium resulting in widespread tree mortality during the 
present drought. And in southern Africa, giraffe are actively managed to deliberately suppress 
bush encroachment. Both these cases are examples of overbrowsing. 
3.5 Nutritional quality of Acacia browse 
Table 8 shows some of the results of the chemical analyses of six important Acacia browse 
species in the Serengeti. "Very new shoots" and "very new leaves" refers to material actively 
flushing and only a few days old. Such shoots are soft and droopy with the thorns still 
unhardened. "Young shoots" refers to shoots more than about two weeks old, but of the current 
growth season. Such shoots are erect and firm with hardened thorns, but do not yet show any 
extensive secondary thickening. "Old leaves" are more than two weeks old, have a darker green 
hue than new leaves, and are borne an old lignified shoots. 
Shoot and leaf material was collected by a replicated sampling procedure at three times of the 
year, in December during the short rains, in April at the end of the wet season, and in 
September at the height of the dry season. The Table 8 data show the means of these 
collections, expressed as a percentage of dry weight. 
Of particular significance are the high crude protein figures of the very new shoot and leaf 
material. For all six Acacia species, the mean crude protein figures are 23.5 ± 5.5% and 22.8 ± 
4.7% respectively, as compared with 10.8 ± .1.5% and 16.2 ± 3.1% for young shoots and old 
leaves. Protein levels of very new shoots are significantly greater than young shoots (P<0.01), 
and those of very new leaves significantly greater than old leaves (P<0.05). The high protein 
levels persist for longer in old leaves than shoots (P<0.05). 
The highest crude protein contents are shown by A. senegal, a species which is strongly 
selected for in the diet of both giraffe and elephants (Pellew, in prep). The soft and floppy 
flushing shoots have a mean crude protein content of 33.5 ± 3.1%, with a maximum recorded 
figure of 37.7%. Even in those species with the lowest protein 
levels, A. xanthophloea and A. hockii, the crude protein contents, especially of the very new 
material, are still relatively high compared with other browse species, (Dougal and Drysdale, 
1964). 
Table 8. Mean chemical composition (with standard deviations) of acacia browse in the 
serengeti, expressed as percentage dry matter 
Plant part Crude 
protein 
Acid 
detergent 
lignin 
Acid 
detergent 
fibre 
Cell 
wall 
consituents 
Ether 
extract 
N-Free 
extract 
Total 
ash 
Acacia tortilis 
Very new shoots 20.5+4.2 16.2+2.9 38.3+6.2 50.7+  7.9 3.1+0.7 32.8+ 5.2 5.3+0.8 
Young shoots 10.3+0.7 20.5+4.1 46.1+2.7 60.0+  4.2 3.0+0.4 34.44+4.7 6.2+0.8 
Very new leaves 21.0+1.7 13.2+2.8 23.5+3.7 44.5+10.2 4.0+0.7 43.5+ 9.6 8.0+1.6 
Old leaves 15.3+0.9 15.0+3.5 24.5+0.9 39.9+  2.6 4.6+0.6 45.1+ 8.0 9.9+2.0 
Acacia Senegal: 
Very new shoots 33.6+3.1 11.1+4.8 29.0+5.9 47.9+ 8.7 3.0+0.3 28.8+ 5.7 5.6+0.4 
Young shoots 14.1+1.4 22.2+8.1 43.1+4.8 60.3+ 3.2 3.4+0.5 33.7+ 4.9 5.7+0.9 
Very new leaves 32.9+4.2   8.9+2.0 20.3+2.8 40.1+16.3 3.9+0.3 35.3+ 9.7 7.6+1.2 
Old leaves 21.9+0.8 10.3+0.7 24.8+1.0 44.8+ 8.6 4.7+0.7 39.1+ 1.6 9.5+2.2 
Acacia xanthophloea: 
Very new shoots 18.2+2.5 12.6+3.7 33.1+3.0 54.6+ 4.5 2.4+0.3 40.2+ 2.1 6.1+0.8 
Young shoots 10.0+0.8 17.9+1.3 45.2+4.8 61.0+ 7.9 2.5+0.1 37.6+ 5.3 4.7+0.5 
Very new leaves 23.2+1.9 14.9+9.9 24.8+6.4 49.9+10.2 3.2+0.6 41.2+ 4.4 7.6+0.5 
Old leaves 18.2+0.4 14.1+2.9 31.4+12.3 46.1+ 2.6 4.0+1.2 37.9+ 4.0 8.4+1.1 
Acacia hockii: 
Very new shoots 18.0+2.7 8.3+1.4 26.9+5.6 37.2+ 6.7 2.2+0.2 49.0+ 4.3 3.9+0.6 
Young shoots 10.5+1.1 15.1+3.2 38.0+4.8 51.1+ 5.0 3.2+0.4 44.3+ 3.6 4.0+0.2 
Very new leaves 19.4+2.6 7.0+2.8 13.9+5.4 28.4+ 5.1 3.2+0.4 58.6+ 8.4 4.9+1.2 
Old leaves 15.3+0.3 8.6+3.9 15.1+2.1 39.1+11.8 4.3+0.7 58.2+12.3 7.1+2.3 
Acacia clavigera: 
Very new shoots 24.2+3.7 10.2+2.3 26.8+2.5 45.2+ 4.9 3.1+0.3 40.4+ 3.1 5.5+1.7 
Young shoots 10.2+0.5 14.3+0.7 35.9+1.0 49.2+ 2.8 2.9+0.5 45.1+ 1.6 5.9+0.8 
Very new leaves 20.2+2.0 14.2+4.4 22.8+3.3 39.9+ 4.3 4.0+1.2 45.4+ 3.7 7.6+2.2 
Old leaves 12.6+0.9 10.6+0.6 21.3+0.9 35.3+ 3.5 4.2+0.8 51.5+ 2.8 9.9+3.2 
Acacia gerrardii: 
Very new shoots 26.5+4.5 18.7+6.0 27.9+5.7 59.4+ 6.2 2.2+0.6 36,2+ 81 7.2+2.6 
Young shoots   9.9+0.8 17.4+1.4 38.9+7.0 59.3+ 1.6 2.7+0.8 43.2+ 8.6 5.3+0.8 
Very new leaves 20.2+3.1 16.1+4.8 27.6+4.3 46.2+10.5 3.1+0.8 41.9+ 9.6 7.2+2.4 
Old leaves 13.5+1.5 17.4+3.8 37.3+4.7 50.3+  5.3 4.5+1.1 37.4+ 4.9 7.3+2.8 
But these high protein levels persist for only a few days. The soft and droopy new shoot is very 
vulnerable to browsing, but within about ten days, the shoot has stiffened and hardened off. This 
hardening is accompanied by an increase in lignin and fibre content, mainly laid down in the cell 
walls, so the proportion of cell wall constituents also rises. Crude protein content is inversely 
correlated with lignin and fibre contents (P> 0.01 in both cases), and during the first two weeks 
both protein levels and digestibility fall rapidly with age. After these first two weeks, there is no 
significant further reduction in protein content of the current season's growth. 
The Acacia species have developed a strategy of growth spurts, possibly as a response to 
browsing pressure. By cell division at the meristem, an apical bud swells and then presumably 
by water uptake and cell elongation, a spurt of very rapid shoot growth follows. A shoot may 
show as much as 200 mm linear increment in less than 48 hours. The protein content of this 
shoot is very high, but it soon falls as the lignin and fibre contents rise, and the shoot hardens. A 
new apical bud develops, and about four weeks later, a further growth spurt begins. An 
individual shoot may show several such spurts during a growth season. 
These growth spurts are not synchronized, and at any given time the proportion of flushing 
shoots on an Acacia tree is usually very low (probably less than 5%). But these high protein 
shoots are actively selected for by feeding giraffe, which explain their pernickety browsing 
behaviour. Confronted with a dense green A. tortilis bush with a substantial available browse 
biomass, a giraffe might take no more than a few bites before moving on. In fact, the animal is 
selecting the flushing shoots, which it seems able to identify visually. One result of this is an 
even distribution of browsing pressure. And for at least half the year, the giraffe are exploiting an 
extremely nutritious food resource. 
4. The utilization of acacia browse 
It has been demonstrated in this paper that Acacia browse can attain high rates of productivity, 
that the trees are resilient to high rates of offtake, and that the browse forage is highly 
nutritious. Acaciabrowse clearly has a major potential in any savanna system for improving 
animal protein production. 
But with traditional livestock management techniques, this potential cannot be exploited 
because of its inaccessibility to the consumers, unless cut browse is supplied. In many arid and 
semi-arid regions of Africa, the cutting of browse to provide a protein rich supplement, especially 
in the dry season, has become an essential livestock practice. 
But unless carefully regulated, this cutting will debilitate and eventually kill the trees, intensifying 
the problems of soil erosion in areas threatened with desertification. Exploiting cut browse may 
temporarily relieve the dry season food shortage, but as livestock populations expand to 
accommodate this resource, so the necessity for more cutting increases. 
Instead, it is suggested that the browse potential inaccessible to livestock can best be utilized by 
the giraffe. This animal can efficiently convert the high yields of nutritious browse into animal 
protein, which can then be made available for human consumption. The natural 
browse/consumer system is a more efficient and less destructive exploitation technique than is 
the lopping of branches, when the bulk of the cut material is inedible. 
Experience from the Serengeti and other giraffe areas of East Africa suggests that open 
bushland savannas with about a 20% canopy cover density produce a browse biomass 
sufficient to support a population density of about 2 giraffe/km2 without overexploiting the range. 
This represents a liveweight animal biomass of some 1350 kg/km2. By manipulating the 
population structure to maximise productivity, and by removing juveniles at about 18 months old 
at the time of maximum weight gain, such a population could produce a sustained annual yield 
of some 280 kg liveweight/km2, equivalent after carcass dressing to a meat yield of about 150 
kg/ km2 annum. This annual protein supply derived from giraffe is equivalent to slaughtering one 
adult cow/km2. 
The main produce of cattle in a pastoral economy is milk, the meat requirement being supplied 
by the small stock, sheep and goats. FAO census data in East Africa (reported in Pratt and 
Gwynne,1977) shows that an average family of pastoralists comprises 8 individuals half of these 
being under the age of 14 years. In terms of nutritional requirements, the average family may 
thus be regarded as comprising 6.5 adults, with a daily food need of about 15,000 calories per 
family. 
This requirement can be provided by any combination of milk meat and blood, although milk is 
the primary component of the diet because of its regular availability. Assuming a diet based 
75% on milk, the daily food requirement of this family has been calculated at 16 litres of milk 
and 2.4 kg of treat, or 5840 litres and 876 kg per annum, respectively (Pratt and Gwynne, 1977). 
To supply this food demand, a cattle herd of at least 40 animals, equal to about 30 adult 
equivalents, is required by each family, together with a herd of at least 100 sheep and goats, 
including a minimum of 40 breeding females. This represents a total livestock biomass for year 
to year survival of approximately 9000 kg liveweight per family, equivalent to at least 20 
standard stock units (450 kg/unit). In terms of biomass, cattle make up about 80% of the total, 
although in arid areas they may be replaced as milk producers by camels. A good general figure 
is three standard stock units per head of population, comprising about six head of cattle and 
fifteen sheep and goats, although in arid areas this requirement will increase (Pratt and 
Gwynne, 1977). 
In the thorn-bushland savannas of the semi-arid and arid areas of East Africa (Pratt and 
Gwynne eco-climatic zone V), the rangeland carrying capacity for livestock without serious 
overgrazing is in the region of about 8 hectares of productive grazing land per standard stock 
unit. Each pastoral family must have exclusive use of about 1.6 km2 of useful grazing land to 
satisfy their year round subsistence. In practice, the land requirement is probably nearer 2 
km2 per family. 
A giraffe population with a density of about 2 animals/ km2, managed for sustained meat 
production, could yield about 280 kg fresh meat/annum on the same 2 km2 required by each 
family. This represents some 32% of the family's meat needs. 
Experience on ranches in East Africa where livestock and giraffe graze and browse together 
suggest that giraffe can become habituated and very tolerant of the human presence. Their 
loose and flexible social organization with no stable social units renders them most suitable for 
cropping. The provision of a large supply of meat in one location, as opposed to scattered over 
a wide area as is the case with small bodyweight game species (unless artificially concentrated 
at great expense), would simplify the marketing. The cropping of a free-range giraffe resource 
would appear to present no major ecological or logistical problems. By diversifying the 
consumer resource protein yields can be significantly increased without obviously competing 
with the production of milk and meat from domestic livestock on the same land. 
Considerable attention is now being devoted to techniques for up-grading the productivity of the 
browse resource, including artificial propagation and the introduction of exotic browse plants—
indeed, this has been the orientation of many papers submitted to this conference. But the 
browse production/consumption interface is a two component system, and improved efficiency 
of the consumer trophic level would increase the efficiency of the whole system. One obvious 
means of achieving this is to diversify the "acceptable" consumer resource base to incorporate 
not just traditional domestic livestock, but also wild ungulates where they have a potentially 
beneficial role to play. And by exploiting a portion of the browse resource at present unused 
except in a shortsighted destructive way, the giraffe has an obvious niche in the browse 
consumption system which potentially could be very valuable to man. It is hoped than an 
organization such as the International Livestock Centre for Africa will recognise this potential, 
and encourage its development. 
Acknowledgements 
My thanks are due to the Director and Trustees of Tanzania National Parks, and to the Director 
of the Serengeti Research Institute, for permission to reside and to work within the Serengeti 
National Park. My thanks also to the International Livestock Centre for Africa for inviting me to 
participate in the browse symposium and present this paper. My fieldwork in the Serengeti was 
financially supported by grants from the Research Awards Advisory Committee of the 
Leverhulme Trust, from the East African Wildlife Society, and from the Central Research Fund 
of the University of London. Without their help this study could not have been undertaken. This 
paper comprises the Serengeti Research Institute publication no. 238. 
References 
Cottam, G., Curtis, J.T. (1956). 'The use of distance measures in phytosociological 
sampling'. Ecology, 37, 451–456. 
Dayton, B.T. (1978). 'Standing crop of dominant Combretum species at three browsing levels in 
the Kruger National Park'. Koedoe, 21, 67–76. 
Dougall, H.W., Drysdale, V.M., Clover, P.F. (1964). 'The chemical composition of Kenya browse 
and pasture herbage'. E. Afr Wild. J., 2, 86–121. 
Goodman, P.S. (1975). 'The relation between vegetation structure and its use by wild 
herbivores in a riverine habitat'. M. Sc. thesis, University of Rhodesia. 
Kelly, R.D. (1973). 'A comparative study of primary production under different kinds of land use 
in South-eastern Rhodesia'. Ph.D. thesis University of London. 
Leuthold, N.M., Leuthold, W. (1972). 'Food habits of giraffe in Tsavo National Park, Kenya'. E. 
Afr Wildl. J., 10,129–141. 
McNaughton, S.J. (1979). Grassland-herbivore dynamics. In: Sinclair, A.R.E. Norton-Griffiths, 
M. (ed.): Serengeti, dynamics of an ecosystem. University of Chicago Press. 
Musoke, M.B. (1980). 'Overbrowsing of Capparis tomentosa bushes by goats in Rwenzori 
National Park, Uganda'. Afr. J. of Ecol., 18, 7–10. 
Norton-Griffiths, M., Herlocker, D., Pennycuick (1975). `The patterns of rainfall in the Serengeti 
ecosystem, Tanzania'. E. Afr. Wildl, J., 13, 347–374. 
Phillipson, J. (1973). 'The biological efficiency of protein production by grazing and other land-
based systems'. In: Jones, J.G.W. (ed.). The biological efficiency of protein 
production. Cambridge University Press. 
Pratt, D.F., Gwynne, M.D. (1977). Rangeland management and ecology in East Africa. London, 
Hodder and Stoughton. 
Rutherford, M.C. (1978). 'Primary production ecology in Southern Africa'. In: Werger, M.J.A. 
(ed.). Biogeography and Ecology of Southern Africa. The Hague, Dr. W. Junk. 
Rutherford, M.C. (1979). 'Plant-based techniques for determining available browse and browse 
utilization: a review'. Botanical Review, 45, 2, 203–228. 
Sinclair, A.R.E. (1975). 'The resource limitaton of trophic levels in tropical grassland 
ecosystems'. J. Anim. Ecol., 44; 497–520. 
A method for the phenological study of browse populations 
in the Sahel: 
The influence of some ecological factors** 
Michel Grouzis and Marcel Sicot 
Office de la Recherche Scientifique et Technique Outre-Mer, Ouagadaugou, Haute Volta 
1. Introduction 
The work described here is part of a multidisciplinary study carried out at the Mare d'Oursi in 
northern Upper Volta and organized by the Comité Lutte contre l'Aridité en Milieu Tropical of the 
Dé1égation Générale à la Recherche Scientifique et Technique. The work consists of making 
an inventory of the resources of biological and physical environments, describing their utilization 
by man and their development as a function of environmental factors. More specifically, it forms 
part of the investigations carried out by the botanical and agronomic section of the Office de la 
Recherche Scientifique et Technique d'Outre-Mer (ORSTOM), into the study of productivity in 
ecosystems of the Sahel as a function of ecological variables (Grouzis, 1976), especially with 
regard to water resources. 
Against this background the study on the phenology of browse species was carried out for 
various reasons, including: 
a) the relative lack of previous work in this field, although the part played by ligneous plants in 
animal feeds in the Sahel is considerable, in terms of both quantity (Le Houérou, 1979) and 
quality (Bille, 1978); 
b) the need to gain a more precise understanding of active growth periods in order to measure 
productivity; 
c) the characterization of relationship between vegetation periodicity and environmental factors, 
with a view to identifying the factors affecting the phenological behaviour of species and 
gauging their reaction to fluctuating ecological variables. The aim of the present paper is not to 
report in detail on the phenological cycles of the nine species observed since July 1977 at 
Oursi, since the regional interest of this study is limited in a meeting of this kind, but rather to 
explain the method used and to discuss it, illustrating a few characteristics of the variability of 
phenomena observed and the effects of environmental factors in a few specific examples. 
2. Methodology 
2.1 A brief bibliography 
Works on phenology in the tropical environment are few and far between. Some authors 
(Granier and Cabanis, 1975; Duranton, 1978; Grouzis, 1979) have dealt with grass formations, 
using methods which are not suited to the ligneous stratum (sampling, relevé areas, number of 
stocks, etc). The most complete studies on the phenology of ligneous plants in the Sahel have 
been carried out in the Ferlo desert in Senegal by Poupon (1979a). The observations at Oursi 
by the Centre Forestier Tropical (Anon, 1980) should also be cited, together with those of 
Delwaulle (1976) and Traoré (1978). 
An analysis of all these papers reveals the following: 
a) the number of samples is often low (1 to 6 individual plants for Delwaulle, op. cit., 5 
individuals for Davies, 1975), or unequal (1 individual to over 200 in the case of Poupon, 
1979a); 
b) the samples are not always representative of the population of the species considered; 
c) the nature of observations and the criteria are not always precisely determined. 
2.2 The method used 
2.2.1 Sampling: principle and numbers 
The method utilized represents an attempt to combine ideal conditions as set out by Frankie et 
al (1974) for a phenological study, i.e. a station which has not been subject to disruption, a high 
number of samples, and observations made over several years. 
The chief feature of the method is that it applies to the population of the species in the station 
under consideration. Since the numbers of a species population on a standard hectare are 
sometimes high (Grouzis, 1979), a stratified sample (Gounot, 1969) was taken on the basis of 
population structure, i.e. of the frequency histogram per class of diameter at base of trunk. 
It should be noted that the determination of this structure is equally necessary for the population 
study and for productivity measurements. The size of the sample (30 to 36 individuals) is 
subsequently determined in proportion to the number for each class. It should be noted that the 
entire population for the sample hectare is investigated when the number is lower than 30. 
2.2.2 The nature, criteria and frequency of observations 
a) Nature and criteria 
The observations referred to foliation, flowering and fructification stages. The work of Floc'h 
(1969) provided the basis for morphological characterization of the various phenological stages; 
for flowering, the following stages were selected: 
V1: Swelling buds, no leaf development, 
V2: leaf buds and open buds (over 10% and less than 50% of these   organs in each individual), 
V3: leaves mostly open, 
V4: leaves and dry leaves, or leaves which have changed colour (over 10% but under 50%), 
V5: over 50% in each individual with dry leaves and falling leaves. This is a difficult stage to 
monitor since it may extend over several months according to the species (Guiera 
senegalensis, for example). 
For flowering the following stages were monitored: fl: Floral buds only, 
f2: Floral buds and open flowers (over 10% and less than 50%), 
f3: Over 50% of organs carrying open flowers, 
f4: Open flowers and dry flowers (over 10% and less than 50%), 
f5: A majority of dry flowers and shedding of floral elements. 
Fructification was characterized by the following stages: 
Fl: Early setting stage, 
F2: Development of fruit to normal size, 
F3: Maturity, 
F4: Ripe fruit and onset of dissemination (opening of pods or fall of fruit), 
F5: Fruits dried and fallen 
Stage 1 corresponds to the beginning of the phase and stage 5 to its culmination. Stages 2, 3 
and 4 represent a specific phase for each individual; each of the three is characterized by the 
following degrees of intensity: low, optimum and declining. 
b) Frequency of observations 
During the active growth season observations are carried out every 10 days. During the dry 
season survey frequency is about once a month. 
c) Presentation of results 
The frequency variations for foliation, flowering and fluctuation as a function of time (Mooney et 
al, 1974) are represented instead of the classical phenograms, for reasons which will be seen 
later. 
d) Survey of environmental factors 
It should briefly be noted that temperature and relative air humidity are logged under standard 
screening conditions (Bernard et al, 1978 and 1980; Claude et al, 1980). Precipitation is 
recorded in a cumulative raingauge (diameter 15 cm) situated 1 m above ground level in the 
middle of the sample hectare. 
The moisture content of the soil to a depth of 1.50 m was measured using a neutron 
humidimeter (Solo type, CEA). The methodology is given in detail by Sicot (1978). 
2.2.3 Advantages of the method 
The classical phenograms for ten individuals are shown in Figure la. Note that the ten 
individuals selected belong to the modal type of histogram as regards structure and therefore 
had every likelihood of being considered as average individuals, since the distribution of 
numbers per diameter class is normal for this species (Grouzis, 1979). The average phenogram 
(b) of the sample (N = 35) and the phenological spectrum (c) of the same sample are also 
reproduced in Figure 1. 
 Figure 1. Acacia nilotica var. adansonii (Guill. and Pert.) O. Ktze Phenograms for a few 
individuals (a), average phenogram (b), and phenological population spectrum (c) for the 1978 
cycle. The variations for the foliation (v), flowering (f) and fructification (F) frequencies, together 
with the leafless phase (vo), are represented on the diagram as a function of time. The arrow on 
the phenograms for individuals 282, 246 and 245 indicates that stage fl was observed. 
Examination of the phenogram of the different individuals (a) reveals a high variability between 
different phases. The duration of the stage at which the leaves appear, for example, varies from 
10 days (no. 345) to 30 days (no. 245), while that of flowers ranges from 10 days (no. 318) to 20 
days (no. 1). Similarly, the duration of flowering varies from 30 days (no. 95) to 110 days (no. 
378). As regards fructification, only four individuals out of the ten observed actually bore fruit. 
There is therefore no point in wasting time, pretending that a single individual can ever reflect 
the phenology of the species as a whole. 
The phenological spectrum (Figure lc) shows the same characteristics as the classical 
phenogram (Figure lb) as regards the onset of phases and their duration. The advantages of 
representation by our method lie in the following: 
1. The observations are quantified by frequency, although they are not strictly quantitative 
(Godron, 1966). Specifically this allows phenological observations to be related to other 
quantitative data (moisture content of soil, rainfall) and these relationships to be 
formulated. 
2. The method gives an idea of the extent of phenomena. 
3. It enables the interpretation of stages to be accounted for (e.g. the stage of inactivity, Vo, 
and the foliation stage V, Figure 1c). 
4. It allows irregularities in the frequency curve of different phases to emerge (in our 
example, flowering, in Figure lc), thereby enabling the effect of certain ecological factors 
on phenology to be measured, as we shall see in the following section. 
3. Application to study of variables: influence of ecological factors on 
phenology 
3.1 Intrapopulation variables 
The preceding example (Figure la) is a good illustration of the importance of individual variations 
in behaviour, independent of age. Intrapopulation variations may be the response of the 
organism (within the limits of its genotype) to fluctuations in environmental factors (such as 
spatial diversity in the substratum); or, on the other hand, they could be the result of a 
differentiation in the genotype. 
Individual variations may also depend on age. Thus, for example, Poupon (1977) has shown 
that Commiphora africana does not begin to bear flowers until the trunk circumference has 
reached 28 to 30 cm, corresponding to 8-9 age-rings. In 1979 the same author showed that 
these limits vary with the relief and the year. It should be noted that age does not act only on the 
acquisition of the reproductive function, but also affects the plant cycle together with the budding 
stage, as has been shown by Irgens Moller (1967, in Nienstaedt, 1974). 
To sum up, it has to be acknowledged that a large number of individuals have to be monitored 
in order to compensate for individual variability, the latter reflecting the adaptation of species to 
contrasting ecological conditions. 
3.2 Intersite variation 
Figures 2a A and 2b B summarize the results for Combretum aculeatum Vent, in two different 
situations, for which the solid and moisture conditions are outlined in Table 1. 
  
Table 1. Soil characteristics of the two sites 
Geomorphological units Pediment site Sloping bottom land 
Characteristics Tropical ferruginous soil Brown subarid 
vertisol 
  
 
Texture 
Clay (% DM)   9.2–34.6 37.2–47.6 
Fine loam (1% DM)   2.5–6.9   9.1–12.7 
Coarse loam (% DM)   2.5–0.8   2.0– 5.1 
Fine sand (% DM) 46.7–15.4 16.1–27.9 
Coarse sand (% DM) 38.1–36.7 13.6–22.5 
Organic matter (% DM)      0.4     1.1 
  
 
Hydrodynamics 
Density (g/g) 1.54–  2.15   1.24–1.61 
Total porosity (% vol) 24.5–32.3 25.5–18.3 
Humidity at depth of- 
2.5 2.5 (% DM) 7.2–16.7   
3.0 (0/b DM) 5.0–14.2 17.5–21.2 
4.2 (% DM). 2.7–10.2 11.0–13.9 
 
Figure 2a. Intersite variability. Phenological spectrum for Combretum aculeatum Vent. in 
hydromorphic bottom land. Relation to ecological factors: MC = moisture content of soil at 1.50 
m; F = frequency of phenophases; P =10-day precipitation; AP = annual precipitation AH= 10-
day average relative air humidity at standard screening, 6;00 am; t: 10-day average mean daily 
temperatures. Inset: population structure; n = no. of samples; N= no. of population on standard 
sample hectare. 
 
Figure 2b. Intersite variability. Phenological spectrum for Combretum aculeatum Vent. on 
pediment site. Relation to ecological factors. (for symbols, see 2 a above). 
First it should be noted that the productions are comparable, as is shown in the structure 
histograms given in Figure 2. 
An examination of the frequency variation for the different phases shows that: 
there is a period of inactivity on the bottom land (Winde station, Figure 2a), as contrasted with 
the pediment site (Gountouré station, Figure 2b); 
foliation occurs early at Gountouré; this phase did not occur until the second 10-days period in 
July at Winde, a time by which over 60% of the population at the Gountouré station were 
already in flower; 
flowering occurs early at Gountouré; more than 50 days elapsed between the appearance of 
flowers at the two stations; 
flowering lasted over very unequal periods; these were 68 days at Winde and 120 at Gountouré, 
not counting the residual flowering occurring during the cold season. It should be noted that the 
latter has been a constant characteristic for this species in this station, throughout 3 years of 
observations. Similar behaviour was also found by Poupon (1979 b) for Acacia senegal, and it is 
therefore not exceptional; 
flowering is characterized by three successive waves at Gountouré (30%, 40% and 50%), but 
by a single peak (80%) at Winde. In the latter site the single flowering stage is immediately 
followed by abundant fructification, whereas the first flowers at Gountouré were mostly abortive. 
These behavioural differences may be interpreted in terms of the variations in environmental 
factors. In the bottom land station (Winde) macroclimatic factors apparently do not play a crucial 
role on the phenology of Combretum aculeatum. The appreciable increase in air humidity (30 to 
60%), the current variations in temperature and the first 40 mm of rainfall do not appear to 
influence the occurrence of phenophases directly. 
The close relationship between variations in the moisture content of the soil and in the 
frequency of foliation and flowering (Figure 2a) suggests that in fact an important part is played 
by moisture conditions in the phenology of this species in bottom land areas. Such a discovery 
should cause no surprise for this type of soil, which has a high degree of retention and in which 
there is a great deal of competition for water between the plant and the soil at the beginning of 
the rainy season. These results show the importance of influence of water content in the soil on 
plant phenology and corroborate those of Ackerman et al (1974). 
The physical characteristics of the soil at Gountouré (Table 1) promote a rapid effect of rainfall 
on variations in the soil moisture content. The result is a more rapid and easier utilization of 
water by the plant in this type of soil, compared with the previous example. Although correlation 
between the moisture content and foliation and flowering variations (15/6 to 10/7 and the third 
10-day period in July, in Figure 2) is high, there is also a degree of parallel development 
between foliation and relative air humidity. Moreover, the simultaneous nature of the effects of 
soil moisture, rainfall and relative air humidity do not enable a dominating role to be attributed to 
soil moisture in this case, as was possible for the bottom land station. 
The differences observed in the phrenology of C. aculeatum in the two ecological situations 
emphasize the importance of intersite variation and illustrate the effects of certain factors 
pertaining to stations. 
3.3 Interannual variations 
The phenological spectrum of C. aculeatum (1977, 1978 and 1979 cycles), together with the 
variations in a number of environmental factors over the same period, are shown in Figure 3. 
The graphs show that foliation occurs during the first 10 days of July in 1978 and during May in 
1979. In the latter year 19% of the population were already in leaf by the first 10 days of June. 
Table 2 summarizes the characteristic values for the frequency curves for flowering (Figure 3). 
Substantial differences emerge in the dates of onset, the durations, and the extent of flowering 
between one year and the next. It should be noted that the extent of variations between date of 
onset of fruiting and that of full fruiting stage are equally large. 
Table 2 characteristic flowering values for combretum aculeatum vent on bottom land (winde). 
Feature Year Value Extent of variation 
Onset 
1977 2nd 10-day period, July   
*40 days 
1978 3rd 10-day period, July 
1979 2nd 10-day period, June previous late not 
observed 
Duration 
1977 97 d   
*31 days 
1978 68 d 
1979 99 d at least 
Form and extent 
1977 2 waves, 20 and 40% * 
40% 
* 
1978 1 peak, 80% 
1979 3 waves, 20, 66, 80% 
 
Figure 3. Interannual variability. Phenological spectrum for Combretum aculeatum Vent. and 
variation of ecological factors for the 1977, 1978 and 1979 cycles on hydromorphic bottom land. 
(for symbols, see 2a above). 
These interannual differences can largely be explained by the ecological conditions prevailing at 
the beginning of the various vegetation cycles studied. The importance of the effect of moisture 
content has already been dealt with as regards the foliation phase during the 1978 cycle. The 
lack of phenological surveys between 5.5 and 5.6.79 preclude the possibility of specifying the 
crucial role of this factor on foliation in 1979. Given the clustered distribution of rainfall it is 
difficult to disentangle the effects of these various factors. This distribution also has a 
considerable influence on phenology. The rainfall totals for 1978 and 1979 were similar (309 
mm and 302 mm); however, the period for which the whole population bore leaves differed by 
50 days (67 days in 1978 and 118 in 1979). In general terms the defoliation stage coincides with 
the drop in relative air humidity and soil moisture (Figure 3). 
The effect of soil moisture is most clearly shown in relation to flowering; there are two main 
reasons for this: 
a) limited duration of flower life; 
b) considerable sensitivity of the plant to a shortfall in moisture during this phase. 
Although the humidimeter broke down, preventing monitoring of the soil moisture content in 
1977, the variations in the 1978 and 1979 cycles show that the development of flowering is 
strongly correlated with fluctuations in moisture content: each flowering wave corresponds to a 
peak in soil moisture (Figure 3). It should be noted that the absence of a second flowering wave 
in 1978 (Figure 3) can be explained by the highly favourable soil moisture conditions, which 
gave rise to a sudden burst of flowering activity in a very short period, leading rapidly to 
abundant fructification. The growth of the fruit drains almost the entire stock of photo-
synthetates, preventing the occurrence of a new wave of flowering when the profile has been 
restocked. 
It should be noted that the reproductive capacity of the population is approximately twice as high 
in 1978 and 1979 as it was in 1977. This can be partly attributed to the effect of prohibited 
grazing. Individuals protected from domestic animals during the last 2 years have shown 
considerable vigour. 
This is an observation which relates to the influence of biotic factors on phenology. In particular 
it should be noted that the interannual variation may be due to the action of biotic factors, but 
the effect is primarily shown in terms of extent, and will therefore be more measurable in terms 
of biomass. However, to illustrate this effect, the frequency variations for foliation in Acacia 
raddiana (Savi) andBalanites aegyptiaca (I.) Del. are indicated in Figures 4a and b. 
 Figure 4. Influence of biotic factors on foliation in Acacia raddiana (Savi) (a) and Balanites 
aegyptiaca (L.) Del (b). L = Locust; B = beetle. 
Acacia raddiana reacts quickly to locust attack (Figure 4a), since the maximum foliation 
percentage is reached by the population during the second 10-day period following attack. 
The appreciable differences between the 1978 and 1979 cycles for Balanites aegptiaca (Figure 
4b) may be attributed to repeated attacks by locusts (June and September) and beetles (mid-
August). It should be noted that, at the Gountouré station, Balanites aegyptiaca reacts fairly 
slowly to external constraints, since individuals suffer from a high degree of parasitic infestation 
(50% of the population have leaf gall, bugs or scale). 
By studying the phenology of Combretum aculeatum over three plant cycles we were able to 
see the influence of environmental factors and to show the variations in responses. 
4. Discussion and conclusions 
The present study concerns the phenology of browse species populations in the Sahel (Mare 
d'Oursi, Northern Upper Volta). Stratified sampling on the basis of populations structure 
involved 30 to 35 individuals. 
The results obtained demonstrate the importance of variation between populations, sites and 
years which have to be taken into account if the phenological cycles of forage species in this 
area are to be accurately characterized. 
The variations observed are largely explained by the diversity and fluctuation of ecological 
conditions. Although photoperiodism has been cited as responsible for certain phenomena 
(Njoku, 1963), from this study it appears that its influence is secondary, especially in terms of 
flowering. Over 50 days separated the occurrence of flowering in C. aculeatum in the two 
stations studied in 1978, and at least 40 days separated the onset of flowering in the 1977 and 
1979 cycles. However, this factor has not been studied in detail and it is possible that its effect 
has been masked by other factors. Similarly, there does not seem to be a relationship between 
current variations in temperature and those in phenological cycles. However, it should be noted 
that the influence of total temperature E (t - to), (Franquin, 1976) has not been researched since 
biological zero (to) for these species is not known. On the other hand, emphasis should be 
placed on water supplies, which are the most serious limiting factor. Soil moisture content can 
play a dominating role in determining phases, a result which agrees with those of Sauer and 
Uresk (1976), and Ackerman et al (1974). However, in some cases the simultaneous effects of 
precipitation, relative air humidity and moisture content of the soil do not enable the latter to be 
attributed an exclusive role. 
The plants studied present two behavioural types in relation to fluctuating ecological factors. 
Some species are relatively insensitive to differences in climatic conditions Guiera 
senegalensis andZiziphus mauritiana (Grouzis, unpublished results) 
and Z. mauritiana and Boscia senegalensis (Poupon, 1973) while others mirror the variations in 
environmental conditions—Combretum aculeatum, Grewia tenaxand Cadaba farinosa 
(Poupon, 1979a). This second type of behaviour is a special adaptation to the erratic rainfall of 
this area. However, it should be recognized that for these species little is known on the 
periodicity induced by environmental factors, quite independently of the genotype concerned. 
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Introduction 
Plant communities present in arid zones have received scarce attention until recently. These 
communities can be: a) woodlands of semi-deserts, which include sparse trees—usually 
small—and/or shrubs, together with an undergrowth consisting of grasses and ephemeral forbs; 
b) shrublands, consisting almost completely of shrubs; c) almost pure grasslands. 
The production of dry matter of woody species present in arid zones may have relative 
economical importance. Let us consider, for instance: a) timber and lumber furnished by some 
plant resources of the western (dry) Chaco in the northwestern area of 
Argentina (Aspidosperma quebracho blanco, Prosopis nigra, etc.); b) forage given by some 
components of the "algarrobal" (open forest ofProsopis flexuosa) in the flatlands of central 
western Argentina—50% of the livestock diet; or the one provided by the 
"nopaleras" (Opuntia spp) in the Chihuahuan Desert of Mexico; c) the industrial value of the 
populations of Jojoba Simmondsia chinensis) in the Sonoran a) Random distribution of plots of 
appropriate size, for nonhuahuan Desert. Plant resources may also have a fundamental value 
for soil conservation, refuge for animals, and so on. 
This paper summarizes some general features concerning studies undertaken with the purpose 
of estimating phytomass (in most cases only for woody species) and net production of 
communities and populations present or introduced in the arid zones of Argentina and Mexico. 
Methodology 
The method employed for the determination of phytomass has been the direct one by harvest. 
Ideas developed in other areas of the world, for similar conditions and materials, have been 
adapted. The basic common pattern consisted in the assessment of allometric relations 
between plant dimensions and dry weights of their fractions. 
The normal general steps are as follows: 
a) Random distribution of plots of appropriate size, for non-destructive, repeated, sampling, in 
representative sectors of each community or population. This sampling includes measurement 
of dimensions (height, diameter of crowns, basal diameter of stems); and other related aspects. 
b) Mapping of plants (sometimes repeated). 
c) Phenological studies, repeated. 
d) Destructive sampling (following non-destructive sampling) of selected plants outside control 
plots. The quantity of plants, was in accordance to the number of plants in each interval of size 
class of the population involved. Age estimations for each plant were made. 
e) Dry weights, at 70°C, by plant fractions, for each species involved, were determined. In the 
case of trees, sample discs of branches and stems were dried. Also, in some, cases dry weights 
of litter harvested in certain areas were obtained. 
f) Search for appropriate allometric relations, indicated by the adjustment for potential functions 
of the type y= a. xb (or other), was undertaken between the following parameters: 1) weight, 
basal diameter of stems, the volume expressed by a geometric figure which contains the aerial 
portion of the plant; and 2) total dry weight of the plant fractions (leaves, stems and, in some 
cases, roots). In addition, the relation between ages and parameters are indicated by a and b. 
g) Calculation of phytomass (leaves, woody portions, etc.), based on the most appropriate 
relations obtained in (6), applied to dimensions of the non-destructive sampling performed in 
control plots. 
h) Calculation of net primary production: a) using age estimations for size classes of plants 
(hence, for their weights); b) phytomass differences from one year to another. 
Comments 
Tables 1 and 2 summarize the information concerning seven studies performed in the 
framework of the Special Project N° 11 on "Arid and Semiarid Zones Development" of the 
Organization of American States. 
a) In the "algarrobal" (Prosopis flexuosa community) the study was restricted to the above-
ground portion of all components (including herbaceous ones). In the Chacoan forest, aerial and 
underground parts of the six most important species, according to their density, distribution and 
type, were studied.  
The study of Larrea cuneifolia community of Mendoza's Piedmont includes other woody and 
herbaceous forage components. In the Mexican populations of Guayule (Parthenium 
argentatum) and Jojoba (Simmondsia chinensis), underground parts were partially studied. 
b) The harvest method is the most feasible one in most of the situations encountered in arid 
regions of Iberoamerica. 
c) Generally, the best adjustment obtained, indicated by curvilinear r, has been for the 
correlation between a cylinder or a truncated cone, containing the plant, and the dry weight of 
plant fractions. 
d) Age estimation usually has been made by taking into account branching and other different 
observations. In the case of Jojoba, this was done by studying plantations. This is a decisive 
and singular fact, so that sometimes one has to obtain phytomass differences from one year to 
the other, in order to estimate net primary production. 
e) Underground biomass, of those species for which it was determined, amounts to 
approximately one-third of aerial biomass. But soil volumes penetrated by roots may be larger 
than those of crowns. 
f) The studies also include, among others, gathering of data on physical environment, use, 
management, interferences, activities of wild fauna and domestic animals. 
g) In studies 1 and 2, total nitrogen and carbon and calorific values were also determined; in 
study 7 bromatological analysis were performed. 
Table 1. Research material 
Study 
case 
Location Vegetation Mesological 
conditions 
studied species Density 
(plants/ha) 
1 Mendoza 
(Argentina) 
34°02' S 
67°58' W 
(572 m) 
Open exrophytic forest and 
shrubland ofProsopis 
flexuosa("Monte" formation') 
Disclimax to preclimax stage. 
Eolic-
alluvial 
flatland. 
Sandy to 
sandy loam 
soil. 
Temperate-
warm 
climate; 
260 mm/yr, 
mostly in 
summer. 
Trees: 2 Shrubs: 9Small shrubs: 
2 
667 
7.610 
1.228 
2 La Rioja 
(Argentina) 
30°30' S 
66°15' W 
(500 m) 
Chacoan forest ofProsopis 
nigra. Secondary succession 
after eight years of clearing. 
Alluvial 
Piedmont 
plain. 
Sandy soil. 
Warm 
climate; 
350 mm/yr, 
more than 
half in 
summer. 
The six most important sp. (Two 
of them shrubs) 
2084-
4963(depending 
on the cor- 
responding 
field) 
3 Mendoza 
(Argentina) 
32°53° S 
68°51° W 
(850 m) 
Piedmont shrubland with net 
predominance of Larrea 
cuneifolia. (Monte formation). 
Disclimax 
Piedmont 
plain. Stony 
area with 
coarse 
materials. 
Temperate-
warm 
climate, 
220 mm/yr, 
70% in 
summer. 
Dominant Larreacunefolia (jarilla) 17.375 
4 Zacatecas 
(Mexico) 
(1500 m) 
Open shrubland:Opuntia, 
Yucca andAcacia (Chihuahuas 
desert). Disclimax. 
Undulated 
and broken 
land. Sandy 
shallow 
soil, warm- 
temperate 
climate; 
less 
than300 
Opuntia streptacantha(nopal 
cardbn) 
430 
mm/yr. 
5 Zacatecas 
(Mexico) 
(2000 m) 
Open shrubland (Chihuahuas 
desert). Disclimax. 
Mountain 
slopes. 
Temperate-
warm 
climate; 
than 300 
mm/yr. 
Partheniumargentatum (guayule) 19.200 
6 Sonora 
(Mexico) 
29° N 112° 
W (30-100 
m) 
Wide open community 
dominated by Prosopis 
juliora (Sonoran desert). 
Disclimax 
Coastal 
bahada. 
Alluvional 
land 
Coarse. 
sand and 
gravel. 
Warm 
desert; 
about 100 
mm/yr, 
irregular 
Simmondsia chinensis(Jojoba) 641 
7 La Rioja 
(Argentina) 
30°30' S 
Plantations in Chacoan forest 
clearings. 
Alluvial 
Piedmont 
plain. 
Sandy soil. 
Warm 
climate; 
350 mm/yr, 
mostly in 
summer 
Opuntia ficus indica(tuna) 1.111 
Table 2 Some details on studies and results 
Study 
case 
Control Plots, Most satisfactory 
allometric relation 
(potential functions 
of the type y 3 y. xb). 
Adjustments 
(curvilinear r) 
Phytomass 
(kg/ha) 
Production 
(kg/ha/yr) 
  Sizes Quantity         
1 10 × 25 
m 
10 Volume (of a 
cylinder containing 
aerial parts)-dry 
weight 
Usually 
higher than 
0,90 
Trees:         7.083 
Shrubs:       2.917 
Small shrubs: 444 
Trees:            684 
 Shrubs:         623  
Small shrubs: 180 
2 5 × 20 m 6 + 6 Volume (of a 
cylinder containing 
aerial parts)-dry 
weight 
Higher than 
0,90 for 
wood; than 
0,84 for leaf; 
than 0,86 for 
roots 
Aerial: 4432 2.196 
Subt.: 1568 984 
(depending on the 
field) 
Aerial: 289 749 
Subt.: 128 204 
(depending on the 
field) 
3 4 × 5 m 24 Volume (cylinder)-
dry weight 
Volume (truncated 
cone)-dry weight 
0.94 
 
0.95 
 
4,700 
 
1.200 
4 5 x50m 4 Volume (cylinder)-
dry weight  
Height-dry weight 
Stem diameter-dry 
weight 
0.99 
0.97 
 
0.95 
  
12.734 
  
1.565 
5 5 × 5 m 4 Volume (cylinder)-
dry weight  
 
Height-dry weight 
(Old) stem 
diameter-dry weight 
Higher than 
0.97 
0.93 
0.94 
 
Aerial: 3.287 
 
Subt.: 1.008 
  
 
Aerial: 534 
 
Subt. 140 
6 10 × 30 
m 
8 Volume (cylinder)-
dry weight  
Height-dry weight 
(Old) stem 
diameter-dry weight 
 
Higher than 
0.94 
0.96 
0.92 
  
 
 
1.573 
  
  
327 
7 Non-destructive 
sampling in several 
plantations. 
Volume (cylinder)-
dry weight Height-
dry weight 
 
0.98 
0.94 
 
approx. 17.000 
 
2400 + 200 (fruit) 
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Introduction 
Calculating secondary production, which may be defined as the profit derived by livestock from 
a given pasture, has been and still is throughout the world one of the main preoccupations of 
research in applied agronomy. It is justified to an even greater extent in intertropical Africa and 
Madagascar, where over 150 million cattle, 240 million small ruminants and 12 million 
camelides (FAO, Production Yearbook, 1978) live under extensive conditions using the forages 
provided by natural rangeland as their only feed resources. 
A number of methods for measuring the factors affecting secondary production (primary 
production of pasture; palatability of plant species, quantity, digestibility and nutritive value of 
the forage consumed by the animal) have long since been put forward. For example, 
Henneberg and Stohmann (1860-1864) defined a method for assessing apparent digestibility. 
Edin (1918) and Wildt and Reid (1950) respectively suggested the utilization of chromic oxide, 
silica and chromogen as indicators in the determination of faecal production and the digestibility 
of the forage ingested. Despite long-standing concern with this subject, a complete 
understanding of the factors involved in secondary production has not yet been achieved in a 
satisfactory way, owing to the impossibility of carrying out any direct investigation into what the 
animal selects from the pasture. 
The aim of this paper is not to describe the various methods of measuring secondary 
production. These are known and frequently reported in a number of first rate reviews (Riviere, 
1975; Schneider 1975; Cordova, 1978; Menke, 1978). Rather, the intention is to summarize 
them briefly and then describe a new methodology that combines in a single protocol a 
combination of these techniques that are usually used separately. 
1. Summary of methods for measuring secondary production 
1.1 Assessing palatability 
The factors affecting palatability vary in both time and space and are also linked as much to the 
animal as to the plant. 
According to the species animals have feed preferences that lead them to make greater or less 
use of this or that stratum of vegetation. Thus, in the case of domestic animals, goats and 
camels, which are browsers, make greater use of the ligneous stratum than do cattle and 
sheep. To this observation should be added the fact that the physiological or nutritional 
condition of the animal makes it more or less selective. 
On the plant side: "the palatability of a taxon varies according to its stage of development, its 
relative abundance on the rangeland, its chemical composition and its organoleptic qualities. 
Some plants are consumed when young and ignored on reaching older stages. Others are more 
palatable when scorched and withered when green. It is also known that the species 
composition influences palatability: the more a taxon is abundant, the less it is sought after by 
animals, with the exception of a few plants which are particularly appreciated under any 
circumstances. Essential oils in some plants are a factor restricting the utilization. The cellulose 
and mineral contents also play important roles in plant selection". (Le Houérou, 1980). 
Methods for assessing palatability do, however, exist: 
a)collecting information from herdsmen; 
b)collecting information via behaviour studies or observations on animals; 
c)collecting information by examining and analysing the forage selected by animals equipped 
with a rumenal or oesophageal fistula; 
d)using cellulose and mineral contents as indicators. 
All these data, linked with the opinions of herdsmen, the accuracy of observations, individual 
variations between animals and plants, make the task of assessing palatability a delicate and 
very often a subjective operation, always risky to generalize. 
1.2 Measuring the quantity and quality of the forage ingested 
Assessing the quantity and quality of forage consumed is also an arduous task. It is 
nevertheless important, since the main factor determining animal performance is the digestible 
proportion of the feed consumed. 
Certain factors linked with the animal itself, such as species, age, level of production, 
physiological condition and others linked with the feed, such as membranous glucide or 
nitrogenous contents, and yet others linked with the environment, such as forage and water 
availability, and the air temperature, also influence ingestion and the digestibility of feeds. 
Consumption from pasture is determined indirectly by using the relationship between ingestion, 
digestibility and faecal production: 
Weight of forage consumed = weight of faeces excreted × 100 
                                                     100-digestibility 
1.2.1 Faecal production 
Faecal production can be measured either by collecting all the faeces of animals equipped with 
bags, or else by ingestion of indigestible substances called indicators and determination of the 
share of the latter in faeces. The weight of faeces produced is, in the second case, given by the 
formula: 
Production of faeces (g of DM)= weight of indicator ingested 
                                                  weight of indicator per gram of faecal DM 
Generally speaking, on pasture the indirect method (using indicators) is the one most used, total 
collection of faeces being regarded as laborious, too time-consuming, expensive and impractical 
in extensive production systems (Brisson, 1960; Corbett, 1960; Schneider, 1975). 
In contrast, we were able to establish that total collection of faeces from extensively raised male 
cattle is quite possible and is even easy. We have designed a special bag and developed a way 
to attach it to the animal. These bags are used in the study of traditional systems in Mali. We 
recorded: 
a) no loss of time: one man-hour for the collection of faeces from each individual animal, which 
is very far from the 70 man-hours estimated by Kartchner (1975);(1) 
b) no high cost, since using indicators would have meant sending the faeces to another country 
to determine the chromic oxide content (the cost would have been 10 times higher); 
c) no excessive labour, discounting the two or three first days (the time required for the animal 
to adapt to carrying the bag). The lavour aspect of the operation is greatly diminished, probably 
owing to the fact that under traditional systems the animals live at very close quarters to the 
herdsman and the other members of his family.l2) Usually they use the immediate surroundings 
of the herdsmans's but as a resting area and are thus neither afraid nor disturbed by the 
frequent comings and goings of men around them. They can thus be easily handled. 
____________________________________________ 
(1)Our measurements of time deal with the time needed to accustom the animal, attach the bag 
before departure on the rangeland and the reverse operation when the animal comes back to 
the camp, Kartchner's estimation is purely subjective, however, as in our case it does not 
include preliminary preparation, nor sampling of faeces for analysis. 
(2) These are Fulani stockraisers and their cattle. 
1:2.2 Digestibility 
1.2.2.1 Methods using indicators 
Indicators can be normal components in the ration (natural indicators) or else can be added to it 
(artificial indicators). Digestibility is calculated according to the following formula: 
                           Cont. of ind. Cont. of ind. 
Digestibility of in faeces 
forage grazed = in feed × 100 
                          Cont. of ind. in faeces 
The best known natural indicators are lignin, silica and chromogen, the later being a group of 
pigments contained in herbages. Artificial indicators include chromic oxide, iron oxide, barium 
sulphate, titanium oxide and radioactive traces. Natural indicators are more commonly used for 
estimating digestibility, while artificial indicators, of which chromic oxide has been the most 
studied, are used for determining faecal production. 
1.2.2.2 Methods using the chemical composition of faeces 
These methods are based on the relationship between the content of faeces in certain 
ingredients, known in these cases as the faecal index, and the digestibility of dry matter and/or 
organic matter: 
Digestibility of forage grazed = concentration faecal index.  
The faecal index consists of nitrogen, lignocellulose and chromogen. 
This method is relevant for the study of pastures since it enables the digestibility of a ration to 
be evaluated without requiring the chemical determination of the latter. However, its relevance is 
limited to certain conditions (Cordova, 1978), since it appears that the relationships between 
digestibility and the faecal index are not causal links but mere concomitance (Scaut, 1975). 
Faecal index techniques are only applicable a priori within a given plant population, and their 
parameters depend to a certain extent on the animal used and the plane of nutrition (Scaut, 
1955). 
1.2.2.3 Methods using in vitro analysis of digestibility 
Samples used for this technique are gathered by means of animals equipped with oesophageal 
or ruminal fistulae. Others originate from forage which the animal has been observed to graze or 
browse. The analysis method most commonly used is the two-time method of Tilley and Terry 
(1963). 
Of all the estimates of ingestion from pasture, it appears that the best data have been obtained 
when faecal production is determined using the total collection method and when digestibility is 
measured by in vitro analysis of samples of the forage grazed (Cordova, 1978). 
2. Example of simultaneous application of different methods for 
measuring secondary production in the study of an extensive 
livestock production system 
The aim of this methodology, which was applied in nutrition studies carried out by the Sahel 
programme of ILCA at Niono in Mali, is to carry out simultaneous evaluation of a number of 
parameters of the three important factors environment, management and feed, which together 
influence the plane of nutrition and consequently animal performance. 
2.1 The herd and the environment 
The herd consists of 90 head. The management method, resembling that used for most cattle in 
the Office du Niger zone (3) is semi-sedentary with a range of influence extending in a circle with 
a radius of about 30 km round the irrigated perimeter. From the natural grazing land where the 
animals remain from July to October, they arrive on the millet fallows and fields in November 
and December, then progress to the rice plots in January to April, before returning to the rice 
and millet fallows and fields which at this period constitute a holding area, until the cycle is 
begun over again in July with the onset of the rainy season. 
_________________________________________ 
(3) The Office du Niger is a development organization for irrigated cropping in the dead delta of 
the Niger in Mali. 
All the measurements described below were carried out over a period of five consecutive days 
at the end of each month on ten animals. The study phase involved all twelve months of the 
year, so that an evaluation of the different types of pastures could be obtained, as well as a 
better knowledge of the effects of bioclimatic factors. 
2.2 Methodology 
2.2.1 Behaviour study 
The behaviour study consisted of monitoring 4 animals with an average liveweight of 250 kg. 
The same animals were always used and the activity of each at the time of observation 
(grazing, resting, ruminating, walking and watering) were recorded every 15 minutes for five 
consecutive days (i.e. 120 hours and 1920 observations). Details as to the nature of the forage 
and the position of the animal when resting or ruminating were also noted. 
2.2.2 Study of movement speeds and grazing intensity 
An animal selected on account of its docility was followed during the same period. While 
grazing, the distance moved during one minute and the number of mouthfuls taken during the 
same minute were measured every 45 minutes. 
A sample of the forage was then collected from the rangeland used during the 1 minute period, 
in proportion to the observed number of mouthfuls (1 hand grab for 5 mouthfuls). This sample is 
the one to be used for laboratory analysis. 
2.2.3 Study of consumption 
The quantity ingested will be calculated according to the following formula: 
DM forage ingestion = DM faeces × 100 
                                   100–digestibility 
2.2.3.1 Faecal production 
Four animals different to those used for the behaviour study, with an average liveweight of 250 
kg, are used for the total collection of faeces, over five days. The faeces are collected and 
weighed twice daily. After each product has been homogenized a sample is taken to determine 
dry matter, organic matter and total nitrogen. 
Table 2 
Ingestion 
Month Animal 
weight 
(kg) 
Faecal 
Production 
(g) 
Digestibility Ingestion 
DFM 
(g/d) 
Ingestion 
per 100 
kg lw. 
Total no. 
mouthfuls 
Weight 
of 
mouthful 
(g) 
Weight of 
mouthful as 
function of 
lw. (g) 
Jan 251 3078 52 6412 2.5 10.183 0.629 2,5.10-3.P 
Feb 248 3039 52 6331 2.5 12 576 0.503 2,0.10-3.P 
Mar 249 2357 49 4622 1.8   8168 0.565 2,0.10-3.P 
  
2.2.3.2 Digestibility 
a) Determination from rumen contents 
An animal weighing 370 kg is fitted with a fistula in the rumen and introduced to the herd. Over 
the five-day period two samples are taken, on the second and fourth day. The rumen is emptied 
in the morning before the animal is sent out to graze and the sample is collected after two or 
three hours of grazing. This method was developed by Blancou Calvet et al (1977). The material 
gathered by this method will be used for the in vitro determination of digestibility and for 
classical feed value analysis. 
b) Determination from hand samples 
Samples gathered by hand (cf. 2.2.2.) are dried and are processed in the same way as above. 
c) Determination using nitrogen faeces as a faecal index 
Digestibility will be calculated using the Lambourne and Reardon 1963 equation: 
Y.MO=2.04–0.24xn +0.186xn2 
Where xn = percentage of nitrogen contained in the organic faecal matter, and Y.MO = nitrogen 
faecal index. 
Digestibility MO = Y.MO - 1    × 100 
                             Y.MO 
These 3 methods should enable a correct assessment of the digestibility of the forage grazed to 
be made. 
2.3 Results 
The graph and tables which follow reproduce some of the data, recorded during this study. 
Except for graph 1, where the results refer to a whole year, the remaining data relate to the 
months of January, February and March, spent on the rice plots. For example: 
Characteristics of pasture during the year: 
( ) = Situation in relation to irrigated perimeter 
July                                      Onset of rainy season 
Aug      Natural pasture        End of rainy season 
            (20–30 km) 
Sept 
Oct 
Nov        Post-harvest millet field and fallows (5-10 km) 
Dec 
Jan         Rice fallow 
Feb         Post-harvest rice plots 
Mar   Rice plots 
         (0–2 km) 
Apr 
May 
June     Irrigated rice + millet fallows and fields (0 – 5 km) 
Table 1 
Production of faeces 
January 
Animal No Animal Weight (kg) FFM g/d DFM g/d DFM/100 kg lw. 
1 240 15 540 2905 1210 
2 269 18 391 3337 1240 
3 270 18 010 3258 1206 
4 225 13 105 2812 1249 
Av. 251   3078 1226 
C.V%       1.75 
February 
Animal No Animal weight (kg) FFM g/d DFM g/d DFM/101 kg lw. 
1 237 16 130 2980 1257 
2 272 19 335 3211 1180 
3 262 18 812 3110 1187 
4 319 13 440 2853 1302 
Av. 248   3039 1231 
C. V%       4.75 
March 
Animal No Animal weight (kg) FFM g/d DFM g/d DFM/100 kg lw. 
1 241 10 160 2340   971 
2 268 10 390 2487   928 
3 252   9 690 2890 1103 
4 224   7 970 1710   763 
Av. 249   2357   941 
C.V%       14.87 
Table 3. Relationship between ingestion (I) grazing time (G) and ruminating time (R) 
Month Ingest. (DM) 
g/d 
Duration of 
G (min) 
Duration 
of R (min) 
Duration of G per kg 
DM (min) 
Duration of G per kg 
DM (min) 
Jan 6412 476 479   74 75 
Feb 6331 493 475   78 75 
Mar 4622 527 383 114 83 
 Figure 1. Environment, management, behaviour. Seasonal variation of some parameters. (The 
times and distances reported are for a 24 hour period). 
 Figure 2. Distribution of time spent on different activities (in % of hour over a 24 hours period).. 
Table 4. Relation between grazing speed and no. of mouthfuls per minute 
January 
Speed km/h No. of Mouthfuls No. of Observations Coeff. Of var. (%) 
0–0.5 24 43 41.31 
0.5–1 24 45 39.56 
1–1.5 21 36 39.14 
1.5–2 12 19 79.25 
2–2.5 12 15 71.91 
2.5–3   6   6 > 100 
3–3.5   3   4 – 
3.5–4   0   5 – 
>4   0   2 – 
February 
Speed km/h No. of Mouthfuls No. of Observations Coeff. of var. (%) 
–0.5 28 46 34.14 
0.5–1 29 37 21.55 
1–1.5 25 42 25.22 
1.5–2 23 22 40.34 
2–2.5 18 10 48.00 
2.5–3   3   5 >100 
3–3.5   5 10 – 
3.5–4 – – – 
>4 – –   
March 
Speed km/h No. of Mouthfuls min No. of Observations Coeff. Of var. (%) 
0–0.5 20 79 38.10 
0.5–1 16 37 36.18 
1–1.5 13 24 43.23 
1.5–2   6 15 97.33 
2–2.5   5 24 88 
2.5–3   1 14 >100 
3–3.5   0   4 – 
3.5–4   0   1 – 
>4   0   2 - 
 Regression equations between mouthfuls/min and grazing speed 
Table 5. Distribution of ruminating time (ru) and resting time (re). Between starting (Ru-ReST) 
and lying (RuLy-ReLy) positions 
Month Ru  
(hours) 
Ru.St.  
(% Ru) 
Ru.Ly.  
(% Ru) 
Re  
(hours) 
Re.St. 
(4 Re) 
Re..Ly. 
(% Re) 
Jan 7.76 37.4 62.6 7.15 30.8 69.2 
Feb 7.92 26.0 74.0 6.46 22.5 77.5 
Mar 6.38 27.8 72.2 7.07 29.2 70.8 
Table 6. Distribution of grazing time (g) between different types of forage 
Month G (hours) Browse Millet 
Stubble 
Rice Straw Rice-plot 
regrowth 
Jan 7.93 3.9 1.1 66.0 26.0 
Feb 8.21 – – 81.8 18.2 
Mar 8.78 – 3.8 69.0 27.2 
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1. Introduction 
Secondary production is a term which embraces all products from animals which feed on plants. 
These products may or may not be useful to humans and frequently only useful products will be 
considered when the value of a forage or an animal production system is being considered. 
Secondary production is the ultimate measure of the true nutritive value of the fodder eaten 
whether it includes all or a limited range of products. 
Direct measurement of secondary production is logistically difficult because large numbers of 
animals are required for statistical purposes; the animals need to be in an environment which is 
realistically related to the production system for which the research is undertaken; and because 
production is usually simultaneously expressed in a variety of continuous variables such as 
liveweight gain, wool growth and milk production and sometimes in binomially distributed 
variables such as reproduction and mortality. Browse is usually only a part of the total diet so 
the value of the browse fraction cannot be gauged from measurement of secondary production 
directly, whilst for some browse fodders the indirect methods developed for assessing the 
chemical content and digestibility of herbage require adjustment (e.g. Wilson, 1977). 
2. The place of browse in the production system 
Secondary production from browse must first be assessed in terms of the role of browse within 
the whole production system on a year-round or longer-term basis. Normally browse is 
supplementary to a herbage-based system. For example, it may serve to lift the protein intake 
for all or part of the year or it may be essential that the animals subsist on browse during cold or 
dry periods so that they survive to utilize and breed on the herbage at other times of the year. 
Without such a conceptual model of where browse fits into the total production system, the real 
value of browse in terms of secondary production cannot be investigated effectively. 
Any evaluation of browse will be relative to alternative fodders (usually herbage), and normally 
browse will be found to be available year-round but only intensively utilized when herbage is 
limiting in quantity or when the protein level in the herbage drops below that required for 
maintenance of the animal. Despite this supplementary role to a varying herbage source, 
browse itself varies in quality and quantity at different seasons and young growth is frequently 
more nutritious and/or palatable than mature growth (Short, Blair and Burkart, 1972). Thus a 
knowledge of the phenology of the browse plants may be an important part of the conceptual 
model of the production system. 
Browse also frequently competes with herbage for light, moisture and nutrients. The role it plays 
in the nutrition of the animals must be assessed in terms of its competition with, possibly, more 
nutritious plants. In many systems, browse provides a stabilising influence on the nutrition of the 
animals by providing maintenance or subsistence rations when herbage is deficient. However, 
too many browse plants will depress overall secondary productivity by competing with the 
herbage on which that productivity depends. 
In the evaluation process it must be recognized that eating browse may either reduce or 
increase the consumption of alternative fodder, by replacement or by stimulating the appetite for 
other fodders. These factors need to be measured. Also, the value of browse may be expressed 
through one nutrient only and frequently browse will be important because it increases the 
nitrogen content of a diet. 
Yet another role for browse is that secondary productivity from mixed herds of browsing and 
grazing herbivores can be greater than monospecific herds without applying additional stress to 
the ecosystem, e.g. Denney (1972). 
In summary, whether the production system of interest is a natural one, involves the exploitation 
of range pastures or incorporates plantations of browse, the assessment of the influence of the 
browse on secondary productivity should be made in terms of the place it holds in the long term 
(including such factors as survival of infrequent droughts) and how it affects all aspects of 
secondary productivity (growth, wool and milk production, reproduction, year-round carrying 
capacity, survival etc). The evaluation should not be confined to short-term studies of intake, 
digestibility and immediate animal growth response and it will be made in terms of the 
secondary products that are affected. Such an evaluation will attempt to compare or simulate 
the production with and without the browse in question and implies a nutrient deficiency within 
the system in the absence of browse. 
3. The evaluation approach 
The ideal evaluation is to test the production system directly with and without the browse. This is 
rarely possible in a simple way. With plantation browse, such a test is only the final stage of 
various partial and simulated tests while alternative browse plants are compared for their 
suitability. For range pasture conditions, some tests have been made on areas from which 
browse has been removed or added artificially (e.g. Leigh, Wilson and Williams, 1970) but these 
were trial grazings and not whole system assessments. In natural systems no absolute test is 
possible. In all types of production systems seasonality in the use of browse is a major problem 
in the evaluation process. 
Thus for assessment of secondary productivity from any type of production system, some type 
of partial evaluation is normally undertaken and inferences drawn at various stages during the 
tests, in order to cut down the time and expense involved. 
Partial evaluation will include some or all of the following stages but not necessarily in the order 
presented, and the strategy adopted will be dictated by the investigator's understanding of the 
production system (what needs to be quantified and what can be merely estimated or inferred): 
1. Identify any nutritional deficiency in the system in the absence of browse. 
2. Determine the intake of browse when fed in various ratios with other foods normally 
available within the production system, i.e. relative palatability. 
3. Determine absolute limits to intake by the animal (absolute palatability). 
4. Determine the potential offtake of browse compared with its potential productivity and 
the ability of the browse plant to survive and supply this amount of fodder on a long term 
basis. 
5. Determine the effect of browse on herbage production. 
6. Analyse the browse for its protein and energy content. Under rare circumstances the 
values for carotene, phosphorus or other elements may also be of interest. 
7. Determine the digestibility of the energy and protein and correct the digestible energy 
calculations for losses in methane and urine to provide a figure for metabolizable energy 
of the browse. 
8. Qualitatively integrate these figures into the production system and simulate the system 
or parts thereof quantitatively if appropriate to the need. 
4. Techniques for partial evaluation of secondary productivity from 
browse 
These have been well reviewed by Corbett (1978) and will only be summarised here. 
4.1 Nutritional deficiencies in the system. 
All systems of forage production and utilization vegetation provide a varying plane of nutrition. 
The first stage in evaluation is to subjectively estimate whether any aspect of secondary 
production is seriously limited and if so whether browse offers a realistic change of relieving the 
nutritional deficiency. 
Monitoring liveweight of animals through the year will indicate the variations in the nutritional 
plane although they may be more crucially expressed by limitations to the reproduction rate, 
wool growth, milk production etc. Nutritional deficiency will not always affect the factor of 
secondary production of interest: for example a low plane of nutrition during pregnancy may 
have no effect on the overall rate of reproduction and a minimal effect on weight of offspring at 
weaning. 
4.2 Relative palatability. 
Given a free choice, herbivores exhibit marked preferences amongst the foods available, but will 
rarely eat one food to the exclusion of all others (e.g. Wilson, 1977). Repeatable results can be 
obtained in quantitatively measuring the species composition of the diet selected from any one 
pasture, but on a different pasture, or on the "same" pasture at a different time of year, any one 
food may form a quite different fraction of the total diet. Thus palatability is relative to the 
alternative foods available and assessment of palatability and intake in an environment, which 
does not offer the same foods in the same condition as they will be found within the production 
system itself, will give an erroneous idea of its potential nutritive value. 
Similarly, it cannot be concluded that an uncommon shrub in the open range which is browsed 
by livestock would necessarily prove to be useful if it was increased artificially. Uncommon 
shrubs are browsed for a variety of reasons unconnected with their palatability. 
To assess the nutritive value of any one species of browse it is necessary to know the fraction 
of the total food intake which it comprises at the different seasons of the year. This may be 
assessed by the measurement of browse material removed from that on offer either in a stall or 
on the range (e.g. Cook, Harris and Stoddart, 1948; Skinner and Telfer, 1974) over a specified 
period. Adequate sampling under range conditions make such methods arduous and animal-
centred observations are usually preferred. The intake and relative palatability of plant mixtures 
has also been obtained by "eating down" experiments (e.g. Leigh and Mulham, 1966). Animals 
are enclosed on small areas and the qualitative and quantitative consumption of each plant 
species is measured daily by measuring the changes in the plant material present. 
Direct observation of animals and counting the bites of each plant or class species (Buechner, 
1950) is the easiest way of collecting dietary data and is particularly suited to browse studies 
because browse is readily visible from a distance. Corrections are needed to account for the 
different size of bite on different classes of plant or samples in time may be substituted for bites 
(Harrington, 1978). Only approximate quantitative measures are achieved by these methods but 
where interest centres only on assessing the fraction of one or a few browse species in the 
whole diet, and where variation in the fraction may be considerable from year to year, the level 
of accuracy is often sufficient to be useful. 
Collecting samples of the diet via an oesphageal or rumen fistula (Van Dyne and Torell, 1964) is 
usually considered the most accurate means of quantitatively assessing the diet of herbivores. 
However, certain drawbacks are apparent. Delicate plant parts disintegrate and may not be 
recovered in the same ratio as they were eaten. This particularly applies to rumen fistulae but 
oesophageal samples also suffer from this drawback (Marshall & Squires, 1978). Generally, 
browse is not delicate but young growing shoots might not be recognised during macroscopic 
separation of the sample. Collecting samples with fistulated animals is time consuming, the 
sample of the total grazing day is small and on open rangeland it is often impossible to simulate 
the feeding behaviour of the normal animals. Thus the accuracy of the fistula method is to some 
degree spurious and may not be worth the additional trouble over direct observation, unless 
chemical and digestibility analyses of the whole diet are also of interest. Such analyses can be 
carried out on the fistula samples in toto, but not on the separate species making up that 
sample, because the more delicate and most digestible portions are not recognisable. 
Most browse material can be identified macroscopically from oesophageal fistula extrusa (e.g. 
Leigh and Mulham, 1966) but this is not the case with gut contents obtained from shot animals 
or faeces. In these cases microscopic examination of suspensions of the gut contents has been 
used to identify the epidermis of the plant species eaten and by using a point sampling 
procedure the relative area of epidermis of each species can be calculated. In order to convert 
this to dry matter ingested however, stall feeding trials must be undertaken to assess the 
differential breakdown of the epidermis of the species being compared (Stewart, 1967). The 
whole procedure is so time consuming that this would only be the method of choice if no other 
alternative was available. The method is useful for establishing whether a browse species is 
eaten and the changes in its use with season (i.e. qualitative assessment), provided that there 
are cells of the browse plant which are distinguishable from the cells of all the other plants 
present (Ellis et al, 1977). 
4.3 Absolute palatability and limits to intake. 
Browse plants range in palatability from being completely inedible to being so palatable that 
they do not persist under unrestricted use. Palatability of plant species varies between species 
of herbivore. Most domestic stock and large herbivores are generalist herbivores, and may not 
thrive on a monospecific diet. The intake of browse plants is frequently lower than expected 
because of secondary compounds such as resins, terpenes and volatile oils, which are present. 
Unlike herbage plants, in which digestibility and intake are strongly correlated, there are often 
severe limits to the intake of highly digestible browse such as Atriplex nummularia and Geijera 
parviflora, whilst indigestible browse may have high palatability (Wilson, 1977). Absolute 
palatability may vary with seasonal changes in the chemical composition of the plant (Cook, 
1972). 
The measurement of limitation to intake is important when calculating the potential nutritive 
value of a browse plant to be used as a plantation forage crop and can be done simply using 
stall-fed animals. If the anticipated production system includes forages other than the browse 
under test, these forages should be offered together with decreasing amounts of these other 
forages to establish the level of maximum intake. 
Under range feeding the absolute limits to intake of any one food will be less important than 
relative palatability. However, in some animal production systems, abnormally poor seasons can 
reduce the food supply, so that browse that is of relatively low palatability is the only forage 
available. In such a case it is important to know the absolute limits to intake. With the use of 
browse plantations absolute limits to intake are a vital part of the assessment process. 
4.4 Primary productivity of browse relative to the demands of the system. 
Measurement of the primary production from browse is the subject of another paper in this 
symposium by J.C. Bille. However, the estimation of the potential demands for browse dry 
matter by the animals is important in the husbanding of the browse plants for survival and 
vigour. 
4.5 Interaction of browse with herbage production. 
Trees and shrubs growing within the pasture will affect herbage production, both qualitatively 
and quantitatively. Reduction in tree or shrub biomass will normally increase herbage production 
although the relationship is quadratic and a measurable influence may not be apparent below a 
certain level of shrub/tree biomass, e.g. Beale (1973). The herbage species growing close to 
trees and shrubs are usually different species to those growing in open situations. They have 
different nutritional characteristics and may also have a different growing period. 
These factors are important components in the nutritional system and need measuring or 
estimating because they will influence the overall effect of the browse on secondary productivity. 
4.6 Intake and chemical analysis. 
The chemical analysis of a plant will indicate the gross amounts of the various nutrients present. 
These values are only useful when the intake and digestibility of the plant is known so that the 
metabolizable levels can be calculated. As both the gross nutrient levels and their digestibilities 
vary independently between different parts of the plant and according to the age of the plant 
material, the plant samples collected for analysis must be representative of the diet selected by 
the herbivore. 
Herbivores frequently eat young growing shoot tips or young leaves, rather than mature 
material, and stems which have undergone secondary thickening are usually avoided. The 
digestibility of browse DM decreases rapidly with age and this particularly affects the 
metabolizable energy levels (Short, Blair and Burkart, 1972). Slight discrepancies in sampling 
too young or too mature material may cause quite erroneous calculations of the fraction of the 
secondary productivity that is derived from browse (Rutherford, 1979). 
Removal of browse material from trees and bushes by animals may be assessed by marking 
sample shoots on which leaves have been counted and the length of shoot measured. Where 
whole shoots are being eaten the mass of material removed may be calculated directly from the 
diameter of the bitten-off twig because twig diameter is often highly correlated with twig mass 
(Basile and Hutchings, 1966). The quality of that material may be assessed by collecting 
ungrazed twigs of the same diameter. The accuracy may be improved by protecting parts of the 
bush from browsing and comparing twigs paired for their similar phenology. 
The collection of browse material for chemical analysis via the oesophageal fistula is only 
relevant when the browse is the sole constituent of the diet. 
Where a browse species is being assessed for its nutritive value, the gross intake of that 
species must be measured and expressed as a fraction of the whole food intake. This may be 
directly assessed by measuring the depletion of the food on offer over time by a known number 
of animals or by indirect methods on the grazing animals themselves. Indirect methods have 
been reviewed by Cordova, Wallace and Pieper (1978) and they concluded that all the methods 
available "lack precision and are often tedious, expensive and time-consuming". Harris (1972) 
suggests that indirect methods are unsuitable for complex diets that include both herbs and 
browse because all methods, which involve the measurement of the concentration of an 
indigestible indicator in the faeces, require stall-fed trials of animals on the same diet, in order 
that corrections for the digestibility of the feed can be made. The collection by hand of large 
quantities of plant material for such trials is both time consuming and prone to considerable 
error even if guidance from oesophageal samples is obtained. It must be accepted that only in 
the case of simple diets where the browse plant is the major source of food, will gross intakes 
be measured accurately. 
4.7 Digestibility 
Having established the gross intake and part of the plant that is being eaten, it is necessary to 
measure the digestible crude protein and metabolizable energy values of the ingested material. 
In some cases other nutrients such as carotene, phosphorus, or calcium may also be of interest 
but it is rare for such substances to be limiting animal production in grazing systems, if only 
because they are not deficient for very long, and even less likely that browse will eliminate the 
deficiency. Browse may be deficient in these substances however and a long period of 
dependence on browse may require these deficiencies to be rectified if secondary productivity is 
not to suffer. 
The digestibility of energy and crude protein may be measured (in vivo techniques). However, 
this is a time-consuming process and there are problems in getting animals to eat one species 
of browse for long enough to carry out the test (Wilson, 1977). Harvesting browse of the quality 
normally eaten by stock is physically arduous and prone to error. Drying the fodder may affect 
its overall nutritional quality and provision of fresh browse is even more difficult. Finally the 
animals concerned must be amenable to life in stalls. Digestion stall trials are rarely a 
practicable proposition for browse assessment (Dietz, 1972). 
The determination of digestibility by in vitro and chemical techniques (Tilley and Terry 1963; Van 
Soest 1967) can overcome these logistical problems. They have been developed for herbage 
plants and although the methods have proved suitable for some browse species (Dietz, 1972) 
they have proved markedly wrong for others and must therefore be used with caution if in 
vivo checks are not possible (Wilson, 1977). Lignin: cell wall ratios and lignin-protection of 
carbohydrate and protein from digestion in browse appears to be different from that in herbage 
(Short, Blair and Burkart, 1972) and there is a need for in vitro digestibility techniques to be 
developed specifically for browse. Standard equations for estimating the digestibility of crude 
protein in herbage (Milford and Minson, 1965) are not applicable to browse. Wilson (1977) found 
a wide variation in true digestibility of crude protein, in different browse species, which was not 
related to their crude protein content. It should also be noted that the digestible energy 
obtainable from shrubs cannot always be corrected to metabolizable energy by a standard 
correction for losses in urine and methane. High energy oily constituents in some shrubs may 
be excreted in the urine and give a spuriously high metabolizable energy value unless energy 
losses in the urine are actually measured (Cook, Stoddart and Harris, 1952). 
4.8 Integration of the value of the browse into the production system. 
Figures obtained in the partial analysis can be used to help evaluate the browse within the 
conceptual model of the production system. Where manipulations. of the browse in the system 
or of the animals which use the browse seem appropriate a numerical model may be necessary. 
It is emphasized that the evaluation will concern only the nutrients which are deficient and in 
terms of the factor of production which is affected. 
5. Conclusions 
The role of browse in supporting secondary production is usually supplementary to herbage 
although specialist browsing animals are sometimes of interest. Given that the methods of 
assessing the intake and true digestibility of browse are inexact, and accepting that the use 
made of browse is going to vary from year to year according to variations in alternative and 
more palatable forages, it is not worthwhile to go to great lengths to make accurate partial 
measurements of the nutritive value of browse to the production system. Far more important is 
to establish in general terms the fraction of the diet devoted to browse season by season and to 
assess, again in general terms, whether secondary productivity is satisfactory at that time. 
Where there appears to be room for improvement it must then be decided whether there is an 
alternative plant which will improve the plane of nutrition without reducing it at other seasons of 
the year or being critically less reliable in times of stress. It is vital to take a holistic view of the 
whole system when assessing the value of browse to secondary production. Whilst being 
generally inferior to herbage in terms of primary production and digestible nutrients, browse is 
often less affected by seasons and climatic extremes in terms of the quality of forage available, 
it is common for browse plants to produce new shoots or leaves when herbage is dormant and it 
is perennial in environments that are too harsh for perennial herbs. As such it is a stabilizing 
factor in many production systems enabling animals to survive adverse periods in order to 
capitalise on better seasons when higher quality is available. It is worthy of greater investigation 
than it has hitherto received. 
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Foreword 
The present study is dedicated to those who sweated the data out of the bush, thus making this 
synthesis possible. In particular I should mention: J. Audru, R. Bartha, G. Boudet, A.K. Diallo, 
J.F. Ellenberger, G. Fotius, A. Gaston, J.P. Nebout, B. Peyre de Fabrégues, J. Piot, G. 
Rippstein, R. Rose-Innes, B. Toutain, J. Valenza and others to whom the scientific community is 
indebted for our present knowledge on this important subject. 
1. Introduction 
The aim of this paper is to bring together and compare data scattered over some 50 sources, 
most of which have had limited circulation, in order to draw some general conclusions as to the 
present state of knowledge, identify gaps and suggest priorities for future research on the 
chemical composition and nutritive value of browse in West Africa. 
From the literature we gathered some 540 analyses concerning 105 species of browse 
belonging to 72 genera and 30 families. Ninety-seven species are indigenous and 8 are exotic 
but widely represented in West-Africa; the latter are indicated with an asterisk * in the tables. 
The geographical area concerned covers the Sahelian, Sudanian and Guinean ecological zones 
north of the equator, from Mauritania and Senegal in the west to the Sudan in the east, and from 
Mali to the Central African Republic. Eastern, Central and Southern Africa were excluded as 
these areas are being or have already been treated in other similar studies. 
Since the different parts of woody species namely: leaves, twigs, bark, flowers, fruits and seeds 
are consumed by different domestic and wild animals, reference to the part concerned is made 
for each analysis reported. Country and date are also given whenever possible (see section 2). 
The basic chemical analyses are: 
a)crude protein (C.P.): Kjeldahl nitrogen × 6.25; 
b))crude fibre (C.F.): residue after reaction of a triacid concentrate solution (acetic, trichloracetic, 
nitric) maintained at boiling point for 30 minutes; 
c) total minerals: ash residue after calcination in furnace at 600°C; 
d) total fat (or Crude fat): ether extract under heat; 
e) silica: portion of ashes insoluble in HCl; 
f) macroelements: P, Ca, Mg, K, Na: these were generally measured by either complexometry 
or spectrophotometry. 
g) Nitrogen-free extract (NFE) (mainly carbohydrates): equals 100–(CP + CF + Fat + Mins). 
All figures are expressed in percentage of dry matter (DM) unless otherwise specified. 
Feed value is computed from these chemical data in the following way: 
1. Net Energy (NE): this represents about 50% of metabolisable energy (ME); in the case 
of barley grain, for instance 
Gross Energy (GE) = 17.5 MJ/kg DM 
Metabolisable Energy = 14.0 MJ/kg DM 
Net Energy = 6.9 MJ/kg DM 
Net energy is a function of the crude fibre and ash contents; it is computed from 
Dijkstra's regressions; the values are found in tables (see Boudet et Riviére, 1968; 
Boudet,1975; Riviére,1977; Jarrige et al 1978). These tables are expressed either in 
Starch Equivalents (SE) or in Feed Units (FU). However, in order to comply with the 
recommendations of IBP, ICSU and other international scientific bodies, the results are 
given here in megajoules (MJ) per kg of DM. One MJ= 239 Kcal= 0.145 FU= 0.101 SE; 
2. Digestible protein (DP): as a function of crude protein, DP has been computed from 
Demarquilly and Weiss's (1970) regression: DP = 0.929 CP– 3.52 DP is expressed in % 
of DM. 
3. Nutritional ratio: this is an index of dietetic value of the forage; it is the quotient of DP (in 
g per kg of DM, or in %.) over NE, expressed in FU/kg DM. (One FU (for ruminants 
consuming roughage) = 6.9 MJ = 1650 Kcal = 0.7 SE); 
4. Minimum maintenance requirements: for adult cattle these correspond to a net energy 
content of 3.10 MJ (0.45 FU) per kg of DM having 2.5% DP, and thus to a ratio of 
25/0.45 = 55 
The above estimates of animal needs in energy, protein and minerals are based on the 
assumption of a daily intake of 2.5 kg of DM per 100 kg of liveweight (Boudet et Riviére, 1968; 
Boudet, 1975). However this may prove slightly conservative where zebu cattle are concerned1; 
there are indications (although no hard evidence, to my knowledge at least) suggesting that 
intake for zebus is about 3 kg. In any case 2.5 kg is certainly too low a figure for sheep, as 
recognized by Boudet and Riviére themselves (op.cit.), while goats can consume over twice as 
much DM per unit of liveweight as cattle do (French, 1970). As a consequence, the above 
requirement figures are likely to be a little high for cattle, and much so for small stock. 
______________________________________ 
1 Rose-Innes and Mabey (1964) found a daily intake of 3.3 kg DM per 100 kg lwt (40% browse, 
60% grass) using W. African shorthorn cattle (B. taurus) in Ghana. 
Table A. Estimation of forage quality with respect to NE and DP (Boudet et Riviére, 1968) 
Quality Net Energy (MJ/kg 
DM) 
Digest. Prot. in % 
DM 
Nutrit. Ratio in g 
DP/FU/kg DM 
Poor          NE<3.10       DP < 2.5       NR < 55 
Fair 3.10<NE<3.45 2.5<DP<3.4 55<NR <68 
Good 3.45<NE<4.15 3.4<DP<5.3 68<NR <88 
Excellent 4.15<NE 5.3<DP 88 <NR 
Table B. Estimation of maintenance needs in minerals (Boudet, 1975) 
Macroelements Content of forage in 
% of DM 
Animal needs in g per 
100 kg lwt 
Na 0.08   0.5 
NaCl 0.20   5.0 
Ca 0.20   5.0 
P 0.12   3.0 
Mg 0.20   5.0 
K 0.40 10.0 
Table C. Trace elements in mg/kg DM or PPM (Boudet, 1975) 
Al <400 Fe 8.0 MO 20-30 
Co 0.10 Ia 70-140 X 
10-3 
Se 30-40 
Cu 10.0 Mn 50.0 Zn 50.0 
a In microgrammes 
2. Discussion 
Compared with tropical grasses, browse appears to be richer in protein and minerals (except for 
protein for young grasses) as already shown by Rose-Innes some 15 years ago (1964, 1966, 
1967) and later by Boudet (1975), Piot (1969), Le Houérou (1965, 1966, 1972, 1978) and 
others. In addition, the proportion of silica is two to three times lower in browse (see Table 5). 
But the most interesting point to consider is the comparison between grass and browse during 
the dry season, when browse is most used by livestock. 
Dry mature grasses (straw and chaff) have a very low- and often a zero-digestible protein 
content (see Table IV), practically no carotene and a very low level of phosphorus (0.02 to 
0.10% i.e. an average of 0.05% versus a minimum required maintenance level of 0.12%) (see 
Table 4). According to Demarquilly and Weiss (1970), DP is nil when CP content is 3.8% or less 
(0.6% of N). In terms of energy browse contains double the amount in dry grass (owing to its 
low content in crude fibre, as compared to grass) Table 5. 
Given the above, dry mature grass cannot ensure livestock maintenance without an additional 
minimum of 0.1 g of DP and 0.07 MJ per kg of liveweight per day, or 25 g and 1.7 MJ per 
TLU/day during the dry season, in the absence of other forms of supplementation. These 25 g 
of DP are provided by 330 g/day of browse DM whereas, to meet its phosphorus needs, the 
average TLU should consume some 4 kg of browse DM. In fact the consumption is usually less 
than the latter figure because by selection of browse, livestock are able to balance their diet 
(Blancou et al 1977). 
The same applies to ß carotene and vitamin A, (see Granier, 1977, and also Provost et al); but 
here we have only indirect evidence in the form of pathological observations, as the carotene 
content in West African browse has hardly ever been measured. However, we know there is no 
carotene in grass straw and chaff. Moreover, it seems that livestock can store vitamin A in the 
liver far shorter periods than is sometimes thought, probably a matter of weeks rather than 
months, as shown by several authors in the US (Dietz, 1972). 
There are, however, a few exceptions to the above statements as regards browse richness in 
protein and energy and its low content in silica. Some species are poor in protein such 
as:Stereospermum kunthianum (Bignoniaceae) Maytenus 
senegalensis (Celastraceae), Hyphaene thebaica (Palmae), Gardenia 
erubescens (Rubiaceae), Sterculia setigera (Sterculiaceae), Gmelina 
arborea (Verbenaceae), Vitex cuneata (Verbenaceae). 
These species, having usually less than 2.5% DP, do not seem able to provide the maintenance 
needs of livestock in this nutriment. 
Some species have a high content in silica (over 10% of the DM), viz. Stereospermum 
kunthianum (Bignoniaceae), Cadaba glandulosa (Capparidaceae), Oxytenanthera 
abyssinica (bamboo) (Graminaceae), Celtis integrifolia (Ulmaceae). 
However according to the data available, and the method of estimate used, all browse species 
seem able, in all their phenological stages, to meet the energy requirements of livestock at 
maintenance level and often well above. According to generally accepted criteria, West-African 
Browse may be classified as excellent fodder, with the very few exceptions mentioned above. 
Contrary to what is commonly believed, the best average forage quality in browse is not found in 
legumes as a family, but in the Capparidaceae as shown in Table 3 (this may explain why most 
of them are so heavily over-browsed: 
e.g Boscia spp., Cadaba spp., Maerua spp. etc.). This is a fact common to both West and East 
Africa. Capparidaceae have on average 25% mote protein than legumes, twice as high a silica-
free mineral content and nearly as much energy (96.5%). The nutritional ratio 
in Capparidaceae is thus 180, as against 145 for legumes and 100 for West African browse as a 
whole. Capparidaceaebrowse DM is actually comparable to many local concentrate feedstuffs 
from agro-industrial by-products such as copra cake, palmcake, cereal bran, cottonseeds, 
brewer's grains; Capparidaceae DM is, however, less rich than groundnut cake both in energy 
and protein (see Mongodin et Riviére, 1965). 
The mineral content of browse is, on the whole, adequate in terms of phosphorus (0.15%) and 
magnesium (0.60%), but it is a little high in calcium (1.7%) and potassium (1.5%). However, the 
calcium/phosphorus ratio is usually much too high: 11 (as against the optimum figure of 1-2). 
The calcium/magnesium ratio is about adequate: 2.8. There is a general and regrettable lack of 
information on sodium and trace elements, although the latter are a little better documented 
than the former. From the scarce data available, it would seem that livestock's needs in iron, 
cobalt and manganese are generally covered in browse whereas deficiencies in copper and zinc 
may occur rather currently; it is quite possible that the Capparidaceae, which are very rich in 
minerals, as we have seen, may play a balancing role; but here we enter the domain of 
speculation! 
However there are, as usual, some exceptions to the above "rules". Combretaceae, for instance 
are high in phosphorus (0.4%) with a Ca/P ratio which is reasonably favorable (2.6), while 
legumes are reasonably high in phosphorus (0.25%) but with a Ca/P ratio which is too high (5). 
Incidentally, contrary to a common belief, leaves of legumes are usually richer than pods (but 
poorer than seeds). Capparidaceae although high in minerals are rather poor in phosphorus 
(0.11%) with a very poor Ca/P ratio (14.5%). Some species such as Salvadora 
persica and Cadaba spp. are extremely rich in minerals (15-30%) and probably also in trace 
elements. Salvadora, rich in Na C1, constitutes a true "salt cure" for livestock on its own. One 
should remark incidentally that the role of the "salt cure" in the Sahel and Sudan zones seems 
to be far from fully understood. 
When browse in West and East Africa is compared, there is a reasonably good agreement 
between the data (Table 3); albeit there is also a striking difference: the content in crude fibre is 
consistently and significantly higher in East Africa (60%). To a large extent this can be explained 
by the different aims of the studies concerned and the resulting field sampling procedures used. 
The studies in East Africa were mainly concerned with wildlife nutrition (Dougall et al, 1958, 
1963, 1964 a and b) so that the material studied included samples of bark, stems, branches, 
roots and other fibrous materials. On the other hand these were not sampled in West Africa, 
where studies were solely concerned with livestock feeding (especially cattle). This explanation 
is supported by the figures given by Wilson and Bredon (1963) where crude fibre averages 
20.8% as against 29.4% in Dougall et al (op.cit.). Wilson and Bredon's studies were also 
concerned with cattle feeding. Nevertheless Wilson and Bredon's figures are consistently higher 
than those reported here (20.8% versus 18.3%) which may not prove to be highly significant. 
However a slight difference due to the methodologies used in analysis procedures cannot be 
ruled out, in my opinion. The protein, calcium and potassium contents are slightly higher in East 
Africa (6%, 10% and 13% respectively) but phosphorus is much higher. According to Dougall et 
al (1964a) the average phosphorus content of browse in Kenya is 0.20% (average of 234 
figures) whereas Wilson and Bredon's figures (1963) average 1.99% P 205, i.e. 0.87 P (average 
of 18 figures). Combining the two figures we arrive at the following: 
(0.87 × 18) + (0.20 × 234) = 0.247 = 0.15, versus 0.25 for West 
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Africa. The phosphorus content of browse in thus 67% higher in East Africa than in West Africa, 
which is a very considerable difference (incidentally on the same order of magnitude as the. 
difference in crude fibre). 
The difference in protein between East and West (6%) may not be significant; but it is certainly 
not so in the case of phosphorus. In the latter case the difference can probably be ascribed to 
the respective soil qualities in the two zones. West African soils are overwhelmingly deficient in 
phosphorus, as everybody knows; but it is not so in East Africa where many basalt derived soils 
are more than adequately provided with this element. However, if the case of legume browse 
alone is taken and the figures of Dougall and Wilson are combined (64 and 7 samples 
respectively), the figure reached is 0.26% which is the. same as the West African figure of 
0.25% for legume browse. 
The figures are not significantly different in the two zones for Ca, K, Ca/P and total mineral. 
However, the silica content is almost double in West Africa (2.2%-versus 1.2%). The mineral 
content ofCapparidaceae is higher in West Africa by nearly 40%. Digestibility. According to 
Mabey and Rose-Innes (20, 21, 22, 23, 36, 37, 38, 39), apparent digestibility (DM content in 
forage minus DM content in faeces) of the four species studied in Ghana (using local West 
African shorthorn cattle) is high: 
Dry matter 64% (53–69) 
Organic matter 65% (54–70) 
Crude protein 77% (78–81) 
Crude fibre 46% (38–59) 
Nitrogen free extract 72% (58–81) 
Crude fat 33% (13–63) 
Ash 45% (36–55) 
However from preliminary experiments (using goat and sheep) carried out by Dicko-Touré 
(unpubl. pers. comm.) in 1978–79 in the Sahel zone of Mali, it would appear that the digestion 
coefficient of dry matter for both leaves and pods of Acacia albida, A. seyal, Bauhinia 
rufescens and the leaves only of Ziziphus mauritania would be in the range of 49–54%, which is 
considerably lower than the values found by Mabey and Rose-Innes (op. cit.) and closer to the 
figures found for browse in non-tropical conditions (Geri et Sottini, 1970; El Hamrouni et 
Sarson,1974; Wilson, 1977; Ghadaki, Van Soest et al,' 1974; Dietz, 1972). However it should be 
pointed out that all these experiments were carried out under different climates, using different 
browse species, different species and breeds of animals; so that no conclusion can be drawn, 
except that browse digestibility trials should be a high priority research subject in animal 
nutrition in tropical Africa. 
The feed value of browse will not be known with any accuracy until extensive studies are made 
on digestibility both in vivo 0and in vitro, at least for the most common and important species. 
For instance Geri and Sottini (op. cit.), using in vitro techniques on Mediterranean browse in 
Sardinia, found the regression: 
Y = 57.49 – 0.232X – 0.725Z where Y = true in vitro digestibility of dry matter  
× = Crude fibre 
Z = Crude fat 
If one applies this regression to West African browse one would find, for instance, that the 
energy content would be less than half the figures obtained from Dijkstra's tables which have 
been used in the present study. The obvious conclusion is that we are in the dark as to what is 
the real feed value of browse; as a consequence, to repeat, the study of browse digestibility 
should be treated as "the" top priority subject in African livestock nutrition research today. 
3. Conclusion 
The data available and the methods used show that West African browse in most cases 
constitutes an excellent forage which is high in protein (82 g DP per kg of DM on average) and 
energy (6.0 MJ or 0.87 F.U. per kg of DM), the nutritional ratio DP/FU is of 100 for browse as a 
whole, 145 for legumes and 180 for the Capparidaceae. 
The silica free mineral content is also higher than in most classical fodders (8.7%), with an 
adequate supply in phosphorus (0.15%) and magnesium (0.6%); a high content in calcium 
(1.6Mo) and potassium (1.5%). The Ca/P ratio, however is much too high (11.2) although some 
species, in particular legumes, show a better calcium-phosphorus balance (with a ratio of 5). 
The Capparidaceae are particularly rich in minerals (14%). 
West African browse appears to be broadly similar to East African although clearly lower in 
phosphorus and crude fibre, but somewhat higher in energy. 
It is safe to say that browse constitutes a necessary and adequate supplement to grasses in the 
dry season, as dry-season grasses are extremely deficient in protein, phosphorus and carotene 
cannot, alone, meet livestock maintenance requirements. 
Calculations from available data show that an adequate maintenance diet would require a 
minimum of 20% browse in livestock diets during the dry season. This statement is supported 
by experimental data on livestock behaviour on the range, including, among other techniques, 
the use of fistulated animals, as well as by the practices of herdsmen. 
However there is a general scarcity of data on the sodium, trace elements and carotene 
contents of browse. There are still fewer data on the digestibility so that the feeding value of 
West African browse cannot be assessed with undisputable accuracy. We suspect and we do 
have every reason to believe, indeed, that the role of browse is extremely important, but we still 
lack decisive arguments to prove it. It is therefore felt that priority for research should first be 
given to intake and digestibility and second to the content in sodium, trace elements and 
carotene. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  
Table 3. chemical composition and nutritive value of browse 
Family 
Species 
1 
No. 
Analyse
s 
2 
ofC
P 
3 
CF 
4 
FA
T 
5 
NF
E 
6 
DP 
7 
N
E 
8 
DP/F
U 
9 
Ash 
10 
Si 
11 
P 
12 
Ca 
13 
Mg 
14 
K 
15 
Ca 
16 
Ref. 
Averages all 
browse 
                                
West Africa 540 12.5 18.
3 
4.2 53.
2 
8.2 6.
0 
100 10.
9 
2.
2 
0.1
5 
1.6
8 
0.6
0 
1.4
7 
11.
2 
  
East Africa 290 13.3 29.
3 
– 44.
4 
– – – 10.
9 
1.
2 
0.2
0 
1.8
2 
– 1.6
6 
9.1
8 
47/5
3 
Legumes W.A. 261 16.8 22.
7 
3.1 48.
2 
12.
1 
5.
8 
145 6.8 0.
9 
0.2
5 
1.2
9 
0.3
3 
1.3
5 
5.1   
Legumes E.A. 76 14.8 28.
8 
– 45.
2 
– – – 8.1 0.
6 
0.2
6 
1.8
2 
– 1.1
9 
7.0 47/5
3 
Capparidacea
e W.A 
56 20.7 17.
4 
2.7 45.
4 
15.
1 
5.
6 
180 13.
9 
2.
7 
0.1
1 
1.6 0.7 2.0 14.
5 
  
Capparidacea
e E.A. 
21 20.7 23.
7 
2.2 42.
9 
– – – 10.
5 
1.
1 
0.1
7 
0.7 – 2.0 4.1 47/5
3 
Table 4. chemical composition and nutritive value of browse 
Family Species 1 
Date 
Month 
2 
%DC 
3 
CP 
4 
CF 
5 
DP 
6 
NE 
7 
Ash 
8 
Ca 
9 
P 
10 
Ca/P 
11 
Ref. 
Dry season grasses   81.7 3.1 39.8 tr 2.8 7.7 0.25 0.05 5.2   
Sahel/Sudan zones                       
1. Annuals   95.1 2.7 41.2 tr 2.5 7.7 0.23 0.05 4.6   
Aristida mutabilis 10-02 95 3.9 39.1 1.0 3.0 7.9 0.15 0.03 5.8 07/44 
Aristida mutabilis 03-06 95 2.1 41.0 0.0 2.5 9.0 0.14 0.02 7.0 07/44 
Aristida funicolata 10-02 95 3.1 42.0 0.0 2.4 8.3 – – – 07/44 
Aristida funiculata 03-06 96 1.9 40.5 0.0 2.0 13.1 – – – 07/44 
Cenchrus biflorus 10-02 94 3.1 38.8 0.0 2.9 9.0 0.27 0.10 2.7 07/44 
Ctenium elegans 03-06 95 2.8 44.0 0.0 2.4 3.8 0.26 0.04 6.5 07/44 
Diheteropogon 
hagerupii 
10-02 95 1.5 45.3 0.0 2.2 4.2 0.34 0.03 11.3 07/44 
Eragrostis tremula 12 97 3.4 38.7 tr 3.4 5.8 0.34 0.17 2.0 07/44 
Pennisetum 
pedicellatum 
10-02 95 2.8 44.0 0.0 1.9 7.8 0.17 0.04 4.2 07/44 
Schoenefeldia gracilis 10.02 95 3.4 40.0 tr 2.9 7.2 0.22 0.03 7.3 07/44 
Schoenefeldia gracilis 03-06 94 1.8 40.4 0.0 2.7 8.4 0.19 0.03 6.3 07/44 
2. Perennials   60.8 3.8 37.5 0.3 3.3 7.7 0.35 0.55 8   
Andropogon gayanus 10 45 4.3 35.1 0.5 4.0 6.9 – – – 07/44 
Andropogon gayanus    02 95 2.8 39.0 0.0 3.1 6.8 – – – 07/44 
Echinochloa stagnina    04 92 2.9 37.9 0.0 3.4 7.4 0.35 0.03 11.6 07/44 
Hyperthelia dissoluta    12 37 4.3 35.1 0.5 3.4 11.3 0.36 0.08 4.5 07/44 
Panicum thurgidum    10 59 4.9 36.4 1.0 3.5 8.7 – – – 07/44 
Panicum thurgidum    12 49 4.4 38.9 0.6 3.1 7.0 – – – 07/44 
Panicum thurgidum    02 49 3.6 40.2 0.1 3.0 5.6 – – – 07/44 
Table 5. chemical composition and nutritive value of browse 
  1 
CP 
2 
CF 
3 
DP 
4 
NE 
5 
Ash 
6 
Si/Min 
7 
Ref 
Dry Grass/Browse ratios 0.25 2.17 0.0 0.46 0.70     
Silica/Ash (Grasses)           0.45 47/52 
Silica (browse)/Ash           1.12EA 
0.20WA 
47/52 
47/52 
EA = East Africa 
WA = West Africa 
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1. Introduction 
Shrubs and trees are a regular feature of most of the Australian arid and semi-arid rangelands. 
These rangelands vary from the chenopodiaceous shrub-steppes of southern Australia, where 
the shrubs may constitute 100% of the diet of sheep on occasions, to arid woodlands where 
browse trees are sparse and unimportant for forage. 
Land use varies from predominantly sheep in the southern winter rainfall areas to cattle in the 
northern arid and summer rainfall regions, whilst goats only occur as feral animals. The 
palatability of trees and shrubs also varies widely, from the inedible, but 
ubiquitous Eucalyptus species, to the readily browsed species of Acacia and Atriplex. Such 
variation is to be expected from such a wide area (3.5 × 106 km2) with varying climates and 
landforms. If the reader is interested in obtaining a better overall appreciation of these lands, he 
is referred to Wilson and Graetz (1979). Although Australia has specialist vertebrate browsers 
amongst the native fauna in the forests, there are none in the wooded grassland and steppe 
communities. 
In this paper we do not attempt to describe the shrub communities, although community 
relationships are undoubtedly important in browse ecosystems. Instead, we concentrate on the 
specific attributes of browse species and of browse in general, as these are the aspects that 
may be relevant to evaluating Australian browse plants for African conditions. This paper details 
the known information on the nutritive value and productivity of important species. Further 
detailed information may be obtained from the references cited. 
2. Nutritive value of species 
In evaluating forage species, it is important to obtain information on crude protein content, 
digestibility and forage intake. These values usually determine the amount of energy that can be 
obtained by animals. In individual situations, high ash or oil content may also affect quality. Oil 
and other unpalatable substances are common in Australian shrubs and trees and these may 
reduce the intake by animals. These cannot be evaluated by analysis and are presented as 
qualitative estimates of palatability. Fortunately, seasonal variation plays a minor part in 
determining browse quality (Leigh et al 1978) and may be ignored in this paper. All of the 
published data on these attributes of the important browse plants has been compiled into tables. 
Where data from several sources is available, a decision was made to present only one value; a 
value which in our opinion is the most accurate or representative. Many species have been 
excluded (particularly from the tables compiled by McDonald and Ternouth, 1979) on the 
grounds of unpalatability, slow growth, content of toxic principles or infrequent occurrence. Data 
on crude fibre, etc., have been excluded because these do not aid our interpretation of nutritive 
value. 
Information on the season of rainfall and soil characteristics of their natural habitat is also 
included, as these attributes will be of importance in assessing their suitability in exotic 
situations. In general, Australian soils are low in phosphorus and no information is available on 
the response of these species to soils of higher phosphorus content. 
2.1 Chenopodiaceous shrubs 
The available information has been assembled in Table 1. These shrubs are widespread in the 
southern rangelands, varying from arid to semi-arid and receiving a predominance of winter 
rainfall. They are highly regarded as drought forages for sheep, and as all the forage is within 
sheep height, no hand harvesting is required. 
Table 1 Forage quality of chenopodiaceous shrubs 
  Crude 
protein
. 
Digestibilit
y (%) (D. 
M.) in vivo 
Intake 
(D.M.)b(g/sheep/da
y) 
Palatabilit
yc 
Habitat  Characteristics 
Season 
of 
rainfall 
Soil 
Atriplex 
nummularia 
18 72 550 Moderate Even Clay Adapts to other 
soils. High salt 
content. 
A. vesicaria 12 52 880 High Winter Clay/ 
loam 
Dies after 
complete 
defoliation. 
Chenapodium 
auricomum 
16 – – High Summe
r 
Clay Grows in 
swamps that are 
inundated in the 
wet season. 
Enchylaena 
tomentosa 
15 – – Moderate Even Loam Undershrub. 
Maireanaaastrotrich
a 
– – – High Winter Loam
/ 
Sand 
  
M. brevifolia – – – High Winter Loam
/ Clay 
Maireana'specie
s prefer 
calcareous 
soils. 
M. pyramidata 14 58 440 Moderate Winter Loam   
M. sedfolia – – – High Winter Loam
/ 
sand 
  
aSyn. Kochia 
bChenopod shrubs are high in soluble ash content, so that organic matter intakes are 20-25% 
and digestibilities 8 units lower 
cRelative to other browse plants. High = eaten readily, but after herbaceous plants. Low = not 
eaten by sheep. 
References: Siebert, Newman and Nelson (1968), Wilson (1966). 
The protein content is always adequate in these species so that protein deficiencies never occur 
in livestock grazing on these shrublands. 
Digestibility is also adequate for the maintenance of body weight. Atriplex nummularia is 
particularly high in both protein and digestibility. However, the forage intake of sheep is quite 
variable and unrelated to digestibility. In particular, the intake of A. nummularia is only about 
one-third of that of lucerne, although the protein content and digestibility of the two plants are 
similar. The intake of the less palatable Maireana pyramidata is also low and it is clear that 
unpalatability factors limit the amount that animals will eat. Both of these plants are eaten 
sparingly in the field, and in general, this group of browse plants is eaten after the major part of 
the herbaceous plants have been consumed (see Wilson et al, 1969, Leigh et al 1979). This low 
palatability relative to herbage ensures that they are reserved for the dry summer and drought 
periods when they can be of most value. Regardless of individual characteristics, all these 
species play the same role as maintenance forages in dry times. 
One of the most widespread and important species, A. vesicaria, is shortlived and easily killed 
by defoliation and so is not considered for introduction to other countries. Another factor to 
consider is their high content of soluble ash, so that intakes of organic matter may be 20–25% 
lower than the intakes of dry matter. This salt is eliminated in urine, and hence gives rise to high 
water requirements, which approach 12 litres day for sheep when the diet is wholly Atriplex spp. 
(Wilson, 1974). This is a considerable disadvantage unless water is plentiful and well distributed 
within the grazing area. 
2.2 Woody shrubs 
Nearly all of the Australian woody shrubs are unpalatable and hence are not browse plants, or 
are slow-growing and difficult to establish from seed. Several of those that could be considered 
as useful, although more for goats than sheep, are shown in Table 2. In their natural habitat 
they are only eaten at times of extreme shortage of forage. The analyses show a high 
digestibility and protein content, but clearly these attributes are of little importance if the plants 
are unpalatable. The five species mentioned are all killed by repeated defoliation. 
Table 2. Forage quality of browse shrubs 
  Crude 
protein 
(%) 
Digestibility 
(% D.M.) in 
vitro 
Palatabilityb Habitat Characteristics 
  Season 
of 
rainfall 
Soil   
Cassia nemophila 
var. coriaceaa 
14 55 Low Even Loam   
C. nemophila var. 
platypoda 
16 56 Low Even Loam   
Dodonea 
attenuata 
13 –   Even Loam   
D. viscosa 13 – Low Even Loam   
Eremophila 
longifolia 
13 60 Moderate Even Loam Fast growth 
Myoporum desertii 11 56 Moderate Even Clay/Loam Can be 
poisonous 
aSyn. Cassia sturtii 
b Relative to other browse plants. See Table 1. 
References: Harrington (1980a, 1980b), McDonald and Ternouth (1979), McLeod (1973), 
Maconochie (1973). 
Reports that Cassia nemophila var. coriacea (syn. C. sturtii) is a palatable and desirable browse 
shrub in Israel (National Academy of Sciences, 1975) is not supported by field observation in 
Australia. This could indicate a varietal difference, which must be taken into account in any 
forage introduction programme. However, the reported palatability of C. sturtii is more likely to 
be an artifact created by its infrequent occurrence in the test situation. Shrubs of low occurrence 
may be heavily browsed yet not maintain that acceptability when occurrence is high. 
2.3 Browse trees 
Information on the major browse trees is shown in Table 3. These carry the major part of their 
foliage above the browsing height of sheep. Hence, in Australia, these are frequently referred to 
as 'topfeed' plants. 
Table 3. forage quality of browse trees 
  Crude 
Protein 
(%) 
Digestibilityin 
vitro 
(% 
DM)in 
vivo 
Intake 
g/sheep/day 
Palatabilityb Habitat Characteristics 
            Season of 
rainfall 
Soil   
Acacia aneura 12 40 45 600 High Summer 
with 
Sandy/loam Cut for 
drought forage 
A. aneura with 
supplementsa 
–   50 700-1400 Winter 
component 
Winter 
component 
    
A. cana 12 41 – – High as above Stony/clay   
A. 
homalophylla 
12 40 – – Moderate Even Clay/loam   
A. kempeana – – – – High Summer Loam Browsed by 
cattle 
A. pendula 15 47 43 940 High Winter Clay   
Atalaya 
hemiglauca 
12 40 36 1140 High Summer Loam   
Brachychiton 
rupestre 
13 45 – – High Summer Clay/loam   
B. populneum 13 47 52 – High Even Loam   
Capparis 
mitchellii 
9 48 – – High Even Loam Slow growth 
when young 
Casuarina 
cristata 
9 33 29 840 High Even Clay/loam Reproduces 
from suckers 
Heterodendrum 
oleifolium 
13 45 40 820 High Even Clay/loam Reproduces 
from suckers 
Gefjera 
parviflora 
15 55 55 420 Moderate/low Even Clay/loam Dense crown 
Palatability 
variable 
Yentilago 
viminalis 
13 42 50 770 High Summer Loam   
aSupplemented with phosporus and molasses; the latter providing sulphur and energy. 
bRelative to other browse plants. See Table 1.  
References: Entwistle and Baird (1976), Everist (1967), Harrington (1980', 1980b), Harvey 
(1952), McDonald and Ternouth (1979), McLeod (1973), McMenimen (1976), Rohan-Jones et al 
(1972), Wilson (1977). 
The most widespread of these is Acacia aneura, which has several forms that vary in leaf 
morphology. In Queensland the trees are lopped in drought times to provide a maintenance 
ration for sheep. It has a digestibility of only 45% and an intake of approximately 600 g/day, but 
research by Entwistle and Baird (1976), McMenimen (1976) and McMenimen and Little (1974) 
has clearly shown that the leaves are deficient in phosphorus, sulphur and available energy. 
Pen studies have shown that the forage intake of sheep may be almost doubled by the addition 
of 2 g of phosphorus and 100 g of molasses (which provides both energy and sulphur) per day, 
and an additional response may be obtained from urea. Recent unpublished work has also 
shown that there is an additional response to an intestinally digestible protein supplement, such 
as cottonseed meal. Digestibility is increased to 50% by these supplements. Under grazing 
conditions, the addition of molasses alone dramatically increased the lambs reared, from 15 to 
73 lambs per 100 ewes joined. The response under grazing situations is dependent on the 
amount and quality of other forage available as herbaceous plants may provide some of the 
deficient elements. 
The other Acacia species have a similar quality on analysis and it may be assumed that these 
too are only low-maintenance fodders and would respond in a similar manner to supplements. 
For most of the 13 species in Table 3 protein content is adequate to good. However, these 
values must be tempered somewhat by the knowledge that not all of the protein is available for 
digestion. Thus in contrast to herbaceous species and chenopod shrubs, where the true 
digestibility of protein is 97–100%, the protein of tree forages has a true digestibility (or 
availability) of only 70–80% (Wilson 1977). This arises from the protection of protein from 
digestion by tannins (Gartner and Hurwood, 1976). 
The digestibility of dry-matter is nearly always low, and only equals or exceeds 50% for three 
species in this list: Myoportum desertii, Geijera parviora and Brachychiton populneum. Also food 
intakes are generally low, with the paradox that some of the species with the lowest 
digestibilities have the highest intakes and vice versa. Thus although they are browsed at a low 
intensity throughout the year, as a major source of food these browse trees are forages of last 
resort. 
2.4 Conclusions 
These results show that laboratory analyses of browse forages, including in vitro digestibility, 
are of limited value in assessing nutritive value. Apart from the problems of variations in the in 
vitromethod, food intake is not necessarily related to digestibility so that the value of in 
vitro digestibility for assessing quality is much reduced. Even pen feeding results are difficult to 
evaluate because of the possibility of mineral deficiencies. These may arise only because of the 
limited range of foods and may be less severe in field situations where mixtures of browse 
species or browse and herbaceous species are eaten. 
The forages with a high digestibility and relatively low intake apparently have unpalatability 
factors that reduce consumption. Thus palatability is not only important in a relative sense which 
determines the order in which species are grazed, but also in an absolute sense which may 
affect forage quality. There are no browse species of both high quality and high palatability and 
perhaps we should not expect there to be. Such plants would quickly succumb to the 
concentration of grazing. Browse plants are, by definition, perennial with their growing points 
exposed. Although species such as Acacia aneura demonstrate abilities to survive after 
repeated defoliation, they are better adapted to infrequent browsing. 
Forage quality is also evaluated in a relative way, in comparison to the other herbaceous 
forages that grow in particular regions. In Australia, herbaceous quality is usually poorer in 
environments dominated by summer rainfall and perennial grasses than in environments 
dominated by winter rainfall and containing numerous forbs. As a consequence, top feeds are 
seen to be of more value in the former than in the latter. However, in the subtropical regional of 
Australia, where herbage quality is very low in the dry season, browse is not a significant 
factor. Erythrophleum chlorostachys, a leguminous tree, is eaten by cattle when available. It is 
unlikely to be superior to African species of the same genus. Acacia aneura is the main top feed 
species in latitudes 25 to 29° S, and which receive a dominance of summer rainfall. 
3. Browse productivity 
3.1 Leaf production 
It is difficult to measure the amount of leaf produced by browse species, as it is influenced by 
age of tree, defoliation and rainfall. However, we may consider the purpose of browse plants is 
to provide a drought reserve of fodder which will be used in the dry season on infrequent years. 
In this situation productivity may be seen as the amount of leaf accumulated over several years 
and retained in a drought year. It is then no longer necessary to engage in measures of true 
productivity. 
The standing crop of foliage on trees and shrubs is most readily estimated by the development 
of regression equations relating leaf weight to stem diameter or shrub height. This has been 
successfully done for Acacia aneura by Burrows and Beale (1970), and Beale (1973) and for 
various shrubs by Harrington (1979). 
The amount of leaf retained by Australian browse plants has been measured for only a few 
species. Information for an A. aneura community is presented by Beale (1973) and is presented 
in a generalized form in Table 4. Foliage weight per tree varied from 3 to 5 kg, depending on 
density (640 to 40 trees/ha), while weight per hectare varied from 1900 to 200 kg/ha 
respectively. Elsewhere it has been reported that an individual large tree may retain 14 kg of 
leaf (Pressland 1975), but this is in a low density situation. 
Table 4. Relationship between browse and herbage yield for an acacia aneura community in 
Queensland 
  Tree Density (No./ha) 
    40 160   640 
Foliage weight (hg./tree)     5     4       3 
Foliage weight (kg/ha) 200 640 1900 
Herbage weight (kg/ha) 750 400   100 
The standing crop of leaf in a mixed species situation (Eucalyptus populnea semi-arid 
woodland) was found to be 300 kg/ha, but only 290 kg/ha of this was palatable to sheep (see 
Table 5) (Harrington, 1979). In chenopodiaceous shrubsteppe communities (Atriplex vesicaria), 
the standing crop of leaf can vary from 200 to 500 kg ha. 
Table 5. Foliage weight of trees and shrubs in an undisturbed eucalyptus populnea semi arid. 
Woodland (Harrington 1979) and three years after the clearing of all shrubs 
Species Foliage weight (kg/ha) 
  Undisturbed 3 years regrowth 
Acacia aneura 176  15 
Cassia nemophila var platypoda 244 640 
Dodonea viscose   18     6 
Geijera parviora 616   62 
Heterodendrum oleifolium   78   11 
Myoporum desertii   36   16 
Unpalatable species 2206 158 
TOTAL 3174 908 
These yields of standing crop cannot be directly compared to herbage yields. The standing crop 
of herbage may have been accumulated in only a few months and under continued grazing, 
while that of the trees may have accumulated without browsing and over several years. Hence 
the herbage weights presented in Table 4 should not be compared directly with the browse 
weights. 
Another way of assessing browse production is to measure leaf fall. For mature stands, foliation 
can be assumed to be constant, with growth equivalent to leaf shedding. Australian browse 
plants fall into two groups: those that grow on a seasonal basis, usually in spring and early 
summer, and those that grow after rainfall (Maconochie,1973). However, regardless of group, 
foliation and defoliation is synchronous (Maconochie and Lange, 1970). Leaf fall occurs steadily 
throughout the year, but with a marked peak in early summer (Leigh et al 1978). The amount of 
leaf fall from the trees in an arid Casuarina woodland is shown in Table 6, and amounted to 180 
kg/ha/year. Burrows (pers. comm.) reports that leaf fall from an Acacia aneura community would 
seldom exceed 500 kg/ha/year. 
Table 6. Leaf fall from fodder trees in an arid casuarina cristata woodland 
Species Weight Crude 
Protein 
Digestibility (in 
vitro %) 
  Kg/tree kg/ha     
Acacia homalophylla 1.3     1 10 33 
Casuarina cristata 1.7 113   9 29 
Geijera parviora 5.7   21 13 59 
Heterodendrum oleifolium 4.0   48 11 41 
Source: Leigh, Wilson, Mulham (1978) 
Leaf fall is of low nutritive value to sheep, both because it is of lower quality than fresh leaves 
(Leigh et al, 1978) and because it is of low palatability. Sometimes sheep will eat the leaf-fall of 
trees that are normally considered inedible, but only under conditions of low forage availability, 
and their intake is then below maintenance (Beale and McMenimen, 1978, Harrington 1980) 
Leaf-fall is more readily eaten by goats. 
3.2 Reduction of herbage yield 
In assessing browse production, we must also assess the reduction in yield of herbage plants, 
as the density of browse plants is increased. An example of this is the data in Table 4 from 
Beale (1973), which shows a reduction in herbage yield from about 750 kg/ha to about 100 
kg/ha, as the standing crop of tree leaf increases from 200 to 1900 kg/ha. The reduction in 
herbage yield can be readily assessed by the equation presented by Beale (1973) of herbage 
yield (g/m2) = 9.48 + 8.84 × 0.098x (x = basal area of trees in m2/ha). This was derived from 
an Acacia aneura community, but the relationship for other semi-arid communities is similar. As 
as consequence, Pressland (1975), working in south-west Queensland, recommends that the 
major portion of each farm be kept clear of trees, leaving a small portion as a drought reserve. 
3.3 Animal production 
Several aspects of animal production on shrub communities has already been mentioned. 
Detailed information on the production to be obtained in comparative situations, with and without 
browse species, is generally not available. Some information for sheep on chenopod shrub 
communities, including A. nummularia was presented by Leigh et al (1970). They concluded 
that shrubs are useful as a drought reserve, but that the net gain is not large. In their trials the 
extra return was insufficient to warrant the planting of Atriplex spp. into a semi-arid grassland. 
In all Australia arid and semi-arid lands, cattle, sheep and goats browse selected species as a 
minor part of their diet throughout the year and increase their intake of browse as herbage 
availability declines. (Wilson et al, 1969; Harrington 1980a, 1980b). In view of the low nutritive 
value of the browse, it is probable that it only achieves significance under these conditions of 
nutritional stress, and then only for survival purposes. Under such circumstances the value of 
browse must be considered against the costs and possibilities of stock migration. 
In climatic zones where herbage falls to a low nutritive value on a seasonal basis, the use of 
browse may be justified, but only a few Australian species are sufficiently nutritious to justify 
specific introductions. A low level of browse throughout the grazing land (for instance a browse 
to herbage ratio of 1:20) is useful for short-term herbage shortages. If a higher ratio is required 
for long term use (for instance a ratio of 1:3), then it would be better to set aside reserves. Such 
a system would minimize drought damage to herbage plants and the costs and benefits could 
be accurately assessed. Nevertheless, long-term lowered herbage production on large browse 
reserves is a big price to pay for the infrequent benefit. 
The broad generalization is that animal production is greatest with a high ratio of herbage to 
browse production. Regardless of whether they occur as scattered trees or in a plantation, 
browse plants represent a survival reserve. 
4. Browse management 
We have presented the conclusion that open grassland, with scattered browse plants, is a 
desirable vegetation composition, although it is unlikely that Australian plants could be 
introduced and managed in such a way in African grasslands. Even in Australian situations, this 
desirable composition is difficult to attain. In the arid areas, trees may have difficulty in 
regeneration and the added burden of browsing leads to their elimination. In contrast an 
overdense shrub and tree population, is common in the semi-arid Acacia 
aneura and Eucalyptus savanna woodlands. 
In these situations it is desirable to clear the tree layer. If this is done by mechanical means it is 
usual to clear the trees in strips or on a wide face, and leave other areas or strips of dense trees 
as drought reserves (Beale 1973, Burrows 1979). However, it is desirable to manage tree and 
shrub density by lower cost procedures, such as the control of grazing, or by fire. Sheep grazing 
alone has a marked effect on the regeneration and growth of young Acacia aneura and may 
eliminate the regeneration of Heterodendrum oleifolium. Heavy grazing by sheep can quickly 
reduce the density ofAtriplex vesicaria to undesirably low densities. Hence, the intensity of 
sheep grazing can be manipulated to some effect, usually on young regenerating populations. 
Cattle may have different effects because of their ability to browse to a greater height. Their 
grazing on young A. aneura lead to a more shrubby habit, with a greater proportion of leaf within 
browsing height. Burning is also a potent force in the manipulation of shrub density, and may be 
encouraged where browse is overdense or avoided where shrubs should be retained 
(e.g. Atriplex communities). 
5. Conclusions 
In Australia browse plants are used and managed only within their natural habitats. They are 
never planted or nurtured in plantations. Nevertheless, the Australian shrub Atriplex 
nummularia has been selected for higher palatability and lower salt content within South Africa. 
It has been highly recommended as a drought reserve fodder crop (De Kock 1967) and planted 
in some of their arid regions (Hugo, 1968). Such plantations are possibly the only way that an 
introduced browse plant could be exploited. In such situations, social and economic factors are 
equally as important as nutritive value, and have so far been ignored. In general, we believe that 
the productivity of arid communities is too low and the improvement arising from the inclusion of 
browse plants is too small to warrant consideration of plants that do not regenerate naturally. 
More progress can be made by learning to manage the native vegetation communities including 
their browse plants component. 
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Introduction 
The Norte Chico is a semi-arid region with a mean annual winter rainfall ranging from 100 mm in 
the north to 220 mm in the south. Drought due to low total rainfall and bad rainfall distribution is 
a common occurrence. These conditions preclude the growing of profitable cash crops in the 
region because of frequent crop failures and dangers of serious soil erosion of the 20–25 cm 
sandy-loam soil overlaying a hard clay subsoil. Farming is therefore limited to the grazing 
animal, but here too, profitability is marginal per unit area and only large landholders can 
command reasonable incomes. Small landholders, the majority of the people, can only earn 
small incomes and must find alternative sources of income. In the absence of outside work they 
try to provide their main food diet, bread, from cultivating wheat wherever possible with 
disastrous consequences to themselves and the natural vegetation. Today as the result of 
cultivation, native shrubs, once a common feature of the landscape, are conspicuous by their 
absence. 
Of great concern has been the overall reduction in stock numbers and changes in the animal 
composition of the region that has caused a lowering of per capita income from pastoral farming 
during the last 15 years. Animal census figures are presented in Table 1 to illustrate these 
changes. Table 2 presents the annual rainfall from 1944 to 1979. 
Table 1. Stock numbers and the changes relative to 1955, from 1955–1975 in 
the combarla and nincha districts of the norte chico (numbers are 1x103). 
  1955 1965 1975 
  No % No % No % 
Goats 123 100  84 68 114 93 
Sheep   72 100  43 60   35 49 
Cattle   10 100    6 60     5 50 
Total 205 100 133 69 150 75 
Table 2. Annual rainfall in mm and expressed as proportion of the mean rainfall, together with a 
classification of the rainfall year. 
Year mm Proportion 
of mean 
Classificationa Year mm Proportion 
of mean 
Classification 
1944 397.1 1.814 e 1963 376.7 1.721 e 
1945 163.8 0.748 b 1964   96 0.438 b 
1946 174 0.794 c 1965 472.6 2.159 e 
1947 199.7 0.912 c 1966 285.7 1.305 d 
1948 237.9 1.086 c 1967 165.4 0.755 b 
1949 235.2 1.047 c 1968   55.2 0.252 a 
1950 229.7 1.049 c 1969  69.9 0.442 b 
1951 221.8 1.013 c 1970 230.3 1.052 c 
1952 279.8 1.278 d 1971 205.1 0.937 c 
1953 340.6 1.556 c 1972 320.9 1.466 d 
1954 250 1.142 c 1973 208.7 0.953 c 
1955 136 0.621 b 1974 167.8 0.766 c 
1956 217 0.991 c 1975   97.3 0.444 b 
1957 441 2.014 c 1976 145.2 0.663 b 
1958 226 1.032 c 1977 254.5 1.162 d 
1959 167 0.763 b 1978 272.4 1.244 d 
1960 113 0.516 b 1979   78.8 0.351 a 
1961 211 0.964 c         
1962 111 0.507 b         
Median: 209.5 Mean: 218.869 S.D.: ± 96.68 
a very dry b: dry :c average d: wet e: very wet. 
The large reduction in stock numbers was the direct result of a severe three-year drought period 
between 1959 and 1962. There was another severe drought in 1968 and 1969 when there were 
only up to 70 mm of rainfall per annum. The fear of drought and falling incomes appears to have 
led to the increase in goat numbers relative to other livestock especially in the inventories of 
small land holders. This seems to be due to the greater survival ability of the goat to drought 
conditions and the greater suitability of the goat to provide a subsistence level of living to the 
farmer in the form of milk and meat. 
Large areas of the higher-rainfall southern part of the Norte Chico had, and in some localities 
still have, large populations of native shrubs. Most of these shrubs are unpalatable to livestock. 
However because of their resistance to drought and their ability to retain green leaves during 
dry periods, it was thought that the introduction of palatable forage shrubs could answer 
problems of forage availability both within and between years and, in addition, to replace the 
native shrubs that had disappeared due to cultivation practices. To investigate the feasibility of 
introducing forage shrubs into the region and to determine their possible value within grazing 
systems a series of studies were initiated at Los Vilos experimental station in 1971 to answer 
the following questions: 
1. What forage shrubs are the easiest and cheapest to propagate and establish? 
2. What shrubs appear to volunteer in the region? 
3. What shrubs persist under various systems of grazing management? 
4. What is the DM production of the shrubs with and without grazing? 
5. What are the benefits to animal production systems accruing to forage shrubs? 
From the results of previous experiments elsewhere in Chile the following species were selected 
for intensive study: Atriplex repanda, Atriplex nummularia, Atriplex semibaccata, Galenia 
secunda, Kochia brevifolia. 
Results 
2.1 Germination 
Large-scale propagation in the Norte Chico region, implied the need for large amounts of seed 
and/or vegetative techniques for the production of seedlings. All the species were found to have 
good seed production capabilities, however germination properties varied considerably between 
species. Table 3 presents the results of a germination study. 
The species in Table 3 have been ranked in order of % age germination in the control and after 
immersion in water for up to 48 hours. Because this experiment was made in vitro the 
germination recorded is not that which would be obtained in the field but is reflective of the 
relative performance of each species. 
Table 3. The in vitro germination of seeds of various fodder bushes under different treatments. 
26.7.75 (% germination) 
Species Days to 
Germinate 
Control 24-48h 
in H20 
H2S04 HN03 Immersion for 2-60 minute 
            HC1 NaOH KOH 
G.secunda 11 80 94 100 100 96 96 100 
K. brevifolia   9 60 82   88   76 80 80 100 
A. nummularfa 20 30 52   60   70 64 40   58 
A. semibaccata 20 28 34   42   82 32 34   30 
1A. repanda 44 14 10   24   20 14 22   30 
1Native to Chile 
Sowing in the field after discing at the rate of up 1 kg of untreated seed per hectare produced 
satisfactory germination and establishment at many sites for G. secunda, A. 
semibaccata (Kartzow and Laihacar, 1965) and K. brevifolia (Gasto and Contreras 1972). The 
results for A. repanda were successful at one site but unsuccessful at others. 
Because of the poor germination results recorded for A. repanda and A. nummularia and 
elsewhere in Chile (Lailhacar and Laude, 1975), these two species are propagated in the 
nursery by planting young branches in pots (Pena, 1978) and the resulting seedlings are 
planted out in contour furrows. 
2.2 Volunteering 
From observational studies at Los Vilos and elsewhere in the Norte Chico A. semibaccata, 
K. brevifolia and G. secunda appeared to volunteer profusely. 
2.3 Growth characteristics and primary production 
The bulk of the annual dry matter production is produced in the spring and summer months. At 
other times of the year the shrubs appear to be almost dormant (Gasto and Contretras, 1972). 
Annual primary production is limited by both within year rainfall and the previous years' rainfall. 
It is further severely limited by nutrient deficiencies of nitrogen and phosphorus. In the absence 
of fertilizer application annual edible dry matter yields higher than 2000 kg per hectare cannot 
be attained. 
Coyne and Cook (1970) in the USA found that desert perennials show a depletion of total 
available carbohydrates in storage organs in spring when new growth occurs. They show 
replenishment of reserves during later stages of growth and reach maximum reserve storage at 
seed maturity. This corresponds to the time when shrubs are also making root growth and 
edible shoot production; further because of the root and shoot growth this is also the time when 
the nutrient value of the shrubs is at its highest. 
2.4 Chemical properties and digestibility 
The edible components of the shrubs show a relatively constant crude protein, fibre and ash 
content of up to 20%, 17% and 30% respectively. In general the shrubs have a similar crude 
protein content to annual vegetation in the spring but a consistent and significant higher content 
at all other times of the year (Contreras, 1977). On the basis of crude protein content, forage 
shrubs can be theoretically considered as a supplement to protein deficient pastures. Wilson 
(1966) in Australia when feeding Atriplex leaves to penned sheep as a protein supplement to 
roughages, recorded some positive response. However no comparable work can be cited in 
which responses were recorded when forage shrubs supplemented the diets of grazing animals 
in experiments with adequate non-supplemented controls or in which another protein source 
was used as a control1. 
Digestibilities for edible components such as leaves and growing tips, of up to 70% have been 
recorded in the spring and as low as 40% in the autumn and winter. A factor in the poor 
expression of the high crude protein content in terms of animal performance has been reported 
by Weston et al. (1970). There appears to be ruminal degradation of aminoacids to ammonia 
which escapes absorption in the rumen. The absorption of remaining nitrogenous compounds 
appears to take place at lower sites in the intestines than is usual for other plant proteins. In this 
way available digestible protein may be reduced by up to 40%. 
2.5 Animal preference and intake 
In general the palatability of most of the shrubs is low when green annual species are 
available. A. repanda seemed to be an exception as are the young seedlings of both A. 
repanda and A. nummularia. All shrubs become more acceptable when annual species are 
either mature and dry or of low availability. 
No reliable figures are available for daily intakes under grazing conditions in Chile and little 
information is available from elsewhere.(1) 
________________________________________ 
(1)Editor's note. The statements are in contradiction with the paper by Dumancic and Le 
Houérou in these Proceedings, and also with Franclet et Le Houérou, 1971; Sarson, 
Tchamitchian and Novikoff, 1921; Granier, 1976, etc. 
When hand fed as sole diets to sheep in Australia Wilson (1960) recorded 1.5 kg/day for A. 
vesicaria and 0.8 kg for A. nummularia. Eyal and Benjamin (1958) reported up to 0.5 kg for A. 
halimus in Israel. Under grazing conditions, the diet selected in both quantity and quality may be 
quite different from that recorded for hand fed sheep. Furthermore the diet of grazing sheep is 
rarely 100% from forage bushes. 
Intake from forage bushes is substantially influenced by sparse stands of palatable species in 
the pasture. This results in animals spending more time in search of preferred plants and parts 
of plants (Cook, 1973). Leigh and Mulham (1966) reported that when A. vesicaria was 75% of 
the forage available at initiation of grazing it was only 1% of the diet selected. 
The high sodium content found in the ash of the species examined increases the water 
requirement of animals grazing forage bushes. Wilson (1974), reported that sheep grazing A. 
vesicaria in Australia drank 7–12 litres of water per day whereas sheep grazing drank only 3–4 
litres. Intakes from forage bush dominated pastures may be limited by the availability of drinking 
matter needed for the excretion of high salt intakes. 
  
2.6 Response to grazing 
Most of the introduced shrubs were evolved in the absence of continuous grazing pressures. 
The absence of spines, the relatively free access of grazing animals to remove primordia and 
the inability of some bushes to produce viable lateral or epicormic buds makes these species 
vulnerable to destruction through grazing (Osborn et al, 1932). With some of them low 
palatability offsets low resistance to grazing. However low palatability is of no consequence 
when alternative feed sources are absent. 
With annual species, the ability to survive grazing, in the sense that they can maintain their 
proportion in the plant composition of the pasture, depends on their ability to produce an amount 
of seed that would appear necessary to produce a relatively constant number of seedlings 
annually (Loria, 1980). With perennial shrubs, survival appears dependent on maintaining or 
replenishing carbohydrate reserves and adequate root growth during the growing season 
(Crider, 1955, 1955; Cook, 1966). 
Heavy grazing during the spring and summer period of rapid shrub growth causes severe 
reductions in carbohydrate reserves and root growth. So that most shrubs are severely stunted 
and even killed following severe defoliation especially under conditions of drought. Cider (1955) 
reported that root growth can be maintained if less than 40% of the leaves are removed. 
On the other hand heavy grazing resulting in severe defoliation in the autumn and winter 
followed by non-grazing conditions in the spring and summer does not appear to adversely 
affect the shrubs. Trivelli, 1973). 
2.7 Grazing management 
In Chile the introduction of bushes on a large scale is carried out by the forestry 
service. Atruplex repanda and 4tliplex nummularia are the principal species planted as they can 
be considered by the forestry department as a reasonable alternative to tree plantations. G. 
secunda and Atriplex semihaccata because of their low growth habit are not considered as 
alternatives to trees. In order to prevent grazing during the two years following establishment 
and subsequent grazing in the spring and summer all shrub plantations must be permanently 
fenced. The cost of contour furrowing, seedling establishment and fencing is 200 $ US. per 
hectare. 
Thus as the result of the use of A. repanda and A. nummularia grazing management consists of 
a two paddock system: spring-summer grazing of annual vegetation pastures; autumn-winter 
grazing of forage shrub pastures. 
2.8 Animal response 
The experimental designs used for the grazing at Los Vilos and elsewhere in the Norte Chico 
did not allow an evaluation of the performance of sheep in response to the grazing of pastures 
in which forage bushes had been introduced. 
In the absence of severe drought during the years of study, particularly the absence of two or 
more years of continuous drought it was impossible to study the value of forage bushes as the 
principal diet of breeding sheep. The two paddock systems studied meant that in all years there 
was high availability of dry annual species in addition to the forage bushes. Under these 
conditions it was impossible to show that there was a protein deficiency in the diet selected by 
the sheep from the annual species present. In addition there was never any possible energy 
deficiency. 
As lambs were born and grew to weaning under conditions of the grazing of annuals, no 
increases in weaned lamb weight could possibly be attributed to forage bushes. Furthermore 
the mating of ewes in December-January at the time of initiation of grazing of forage bush 
pastures, precluded attributing possible fertility improvements directly to forage bushes. In some 
instances increased lamb birthweights were recorded, but in these cases evidence was not 
conclusive as there was no adequate two paddock annual pasture control available. 
In no experiment was it possible to show any possible economic return per unit land area that 
could pay for the overhead expenses of establishing and maintaining forage bush areas. 
3. Discussion 
The evidence from the work at Los Vilos indicates that the principal contribution of forage 
bushes should be to increase feed availability per unit land area where dry periods and drought 
years are common occurrences. In particular it would appear that the vital need for forage bush 
availability would be in the second and third years of a continuous drought when no other 
grazing forage may be available. However all indications are that grazing bushes under such 
conditions in the spring and summer would kill them. The alternative not to graze the bushes 
would entail high animal losses. As little information is available on the long term effects of the 
continuous grazing of forage bushes on animals there is a possibility of animal losses due to 
such factors as oxalate poisoning, in which case continuous grazing of forage bushes in drought 
years could mean the loss of both animals and bushes. 
The choice of A. repanda and A. nummularia for extensive introduction into pasture areas may 
have been unfortunate. The use of A. semibaccata and G. secunda on the other hand would 
have entailed a lower per unit area establishment cost as they can be sown into the pasture and 
their volunteering characteristics enable them to spread rapidly especially under grazing 
conditions. Their survival as a component in a pasture appears more dependent, as with 
annuals, on the production of viable seed and not on individual plant survival. Thus they can be 
grazed as if they were annual components of the pastures eliminating the cost of the extra 
fencing needed for a two paddock rotational grazing system. 
Their low palatability relative to the annual species ensures that other things being equal they 
will be available at times of low availability of preferred species in the late summer and in 
drought years. 
In the absence of solid evidence in Chile of demonstratable economic benefits accruing to the 
grazing of forage bushes it is difficult to justify high per unit area costs involved in establishing 
and maintaining such bushes as A. repanda and A. nummularia. 
This article is a summary of a report written by the authors "Forage shrub research at Los Vilos 
". Report No. 2 of the results of the UNDP/BID Regional Project Chile. Rehovot, Israel. 
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Chemical composition of some southern Nigeria forage eaten 
by goats* 
I. Mecha and T.A. Adegbola 
Department of Animal Science University of Nigeria 
Introduction 
Goats occupy a very important position in the farming system of most countries of Africa, Asia 
and Latin America because they are easily adaptable to varying conditions such as availability 
of food and water and their ability to feed on a wide range of grasses and browse plants. They 
are found in the forest, savanna and arid areas of the world. More than two-thirds of the 
estimated world population of goats (391 million) are found in the tropics and sub-tropics (FAO, 
1973). The most important centres for goat-keeping are in Africa where in certain countries 
(Niger, Mauritania and Somalia) more than one goat is kept per person (FAO, 1973). Goats are 
kept mainly for meat although also for milk in Niger and skins in Nigeria. There are some 22.4 
million goats in Nigeria and this is exceeded only by India with a goat population of 69.2 million 
(FAO, 1973). Moreover, the FAO (1966) found that goats provided over 25% of total lean meat 
consumed in Nigeria between 1963 and 1964. 
The feeding habits and feed preferences of goats have been little studied though they are 
observed to consume, besides grass, leaves, twigs, shoots, barks and aromatic herbs. Wilson 
(1957) found that in an arid area of Kenya, goats spent more than 50% of their feeding time 
eating from shrubs and trees, and many people have concluded that goats have a preference 
for feeding stuffs relatively rich in crude fibre. The present report is an analysis of some forages 
(browse plants and grasses) consumed by goats in southern Nigeria. This knowledge is 
necessary in order to understand the habits of goats as well as to explore the possibility of 
cultivating browse plants for goats and to keep existing species from becoming extinct. 
2. Materials and methods 
The browse plants analysed are those which are either cut for feeding sheep and goats by 
farmers or those which are observed to be eaten by them. The plants were collected between 
July and August, 1978, and their local and botanical names were identified. The parts eaten 
(leaves in the case of trees and shrubs and leaves and stems in the case of herbs and grasses) 
were analyzed. They were oven-dried at 100°C for 24 hours and the proximate components 
(crude protein, crude fibre, ash and ether extracts) were determined by the AOAC (1970) 
methods. 
3. Results and discussion 
The percentage dry matter (DM) was the same in the forages with a range of between 31.4% 
and 34.2% and a mean of 33.1 (+0.60) (Table 1). The protein content of the trees, shrubs and 
herbs is higher than that of the grasses. The value for the trees is higher than the values 9.4 to 
16.9% obtained for Australian browse trees by Wilson (1977), and lies within the range 8.8% to 
22.8% obtained for trees and shrubs in Australia by McLeod (1973). The protein value for 
shrubs is similar to the values given by Wilson (1977) but the herbs reported by him had a 
higher protein content (23.1%) than in the present report. Majumdar, Momim and Kehar (1967) 
showed that locality affects the chemical composition of tree leaves used as cattle fodder. 
McLeod (1963) reported that season had no effect on the digestibility of some browse plants but 
that it affected the digestibility of others. Wilson (1977) showed that shrubs in some areas of 
Australia were remarkable in retaining their high N content and digestibility throughout dry 
periods in contrast to the low value of mature annual grasses, and that trees had lower 
nutritional value than the shrubs. Wilson, Leigh, Hindley and Mulham (1975) showed that goats 
could utilize browse plants of the semi-arid woodland of New South Wales and that the diet of 
goats consisted chiefly of browse, whereas sheep showed preference for pasture species. 
There were also species differences in browse intake. Wilson (1957) observed that goats in an 
arid location in Kenya spent more than half their feeding time eating from shrubs and trees, and 
it has been inferred that goats have a preference for feeding stuffs rich in crude fibre (De Haas 
and Horst, 1979). The browse trees and shrubs analyzed in the present report have lower fibre 
contents than the grasses. Any preference goats have for browse plants will not be due to the 
high fibre content of browse trees; it may in fact be due to their high protein content or other 
contents such as aromatic compounds and other compounds of medicinal importance. 
Table 1 The chemical composition of some southern Nigerian forages used for feeding local 
sheep and goats 
S/No Vernacular 
Names 
Common 
Names 
Scientific Names % Dry 
Matter 
% 
Crude 
Protein 
% 
Ether 
Extract 
% 
Crude 
Fibre 
% 
Ash 
% 
Silica 
% 
Nitrogen-
Free 
Extracts 
TREES 
1. Ahaba – Acacia (Hook f.ex Oliv) 
Engl. 
29.93 11.16 0.80 23.80 7.00 3.40 57.24 
2. Ngwu – Albizzia ferrunginea(Guilt 
& Perr) Benth 
14.48 37.87 1.00 40.70 5.00 1.10 15.43 
3. Kashu Cashew Anacardium 
Occidentale Linn. 
29.59 15.54 1.50 24.50 3.00 1.30 55.46 
4. Ubeagba – Canadum 
Schweinfurtii Engl. 
46.15 11.16 2.00 25.40 5.00 1.20 56.44 
5. Akwu Cotton tree Ceiba pentandra(Linn.) 
Gaertn. 
30.78 12.92 1.80 19.50 6.00 0.40 59.78 
6. Orji Iroko Chlophora 
excelsa(Welw.) Benth. 
33.46 17.73 4.80 12.74 6.54 0.40 58.19 
7. Oroma Orange Citrus sp. 55.22 20.14 1.90 26.78 9.00 2.00 42.18 
8. Ube Pear leaves Dacryodes edulis (G. 
Don.) H.J. Lam 
35.77 20.58 0.70 20.00 9.40 4.00 49.32 
9. Icheku Velvet 
Tamarind 
Dialum guineenseWilld 25.30 24.96 2.10 36.20 9.00 3.40 27.74 
10. Igu nkwu Oil Palm 
leaves 
Elaeis guineensisJacq 50.13 12.48 6.50 29.80 7.00 3.00 44.22 
11. Ogbu – Ficus elasticoidesDe 
Willd 
52.55 14.89 4.70 21.50 12.50 2.50 46.41 
12. Oturu – Harungana 
madagascariensisLam.ex 
20.30 13.35 3.80 16.90 4.54 0.30 61.41 
Poir 
13. Mangolo Mango Mangfera indica.Linn. 19.17 10.07 1.30 30.50 5.00 1.80 63.13 
14. Akwukwo 
Ogede 
Plantain 
leaves 
Musa sapientum 35.66 19.92 1.00 24.10 10.50 5.86 44.48 
15. Ugba Oil Bean Pentachethra 
macrophylla Benth. 
23.76 18.39 3.10 22.80 2.00 1.30 53.71 
16. Guova Guava Psidium guajavaLinn. 36.03 10.51 1.00 20.00 1.00 0.40 67.49 
17. Mgbugba 
(Nsukka) 
– Rauwofra vomitoriaAfzel. 27.56 27.14 4.50 9.30 5.20 4.10 53.86 
18. Okwe (African 
Wood oil) 
(Nut tree) 
Ricinodendron 
heudelotiL Muell 
29.35 12.04 1.60 17.40 8.00 3.15 60.96 
19. Ijikara – Spondias mombinLinn. 49.78 18.83 5.30 13.00 4.50 0.90 58.37 
20. Utoko 
Nsukka 
– Sterculia 
tragacanthaLindl. 
36.51 17.07 2.70 23.70 7.50 0.50 49.03 
21. Ukwa African Bread 
. 
Treculia africanaDecne. 23.74 15.76 6.30 17.60 4.50 1.15 55.84 
SHRUBS 
22. Agbarugba 
(Nsukka) 
Xmas Bush Alchornea cordifolia 17.76 22.99 1.40 15.60 11.00 4.90 49.01 
23. Abosi   Baphia nitida 41.49 24.30 6.10 11.30 4.00 0.50 54.30 
24. Agbugbu 
(Nsukka or 
Viovo 
Umuahia) 
Pigeon Pea Cajanus Cajan(Linn.) 
Millsp. 
36.74 29.77 6.80 24.90 4.00 1.30 34.53 
25. Anyachu 
(Nsukka) 
– Glyphaea brevis(spreng.) 
Monachino 
25.44 18.61 4.10 18.20 8.00 4.40 51.09 
26. Owu Cotton Plant Gossypium 
barbadense Linn. 
27.29 12.26 9.30 7.80 3.80 3.40 66.84 
27.     Leucaena 
leucocephala (lam) de 
Wit 
19.00 25.61 8.20 12.40 5.00 0.90 48.79 
28. Akwukwo 
Akpu 
Cassava 
leaves 
Manihot utilissimaPohl. 41.84 31.52 7.70 17.40 3.50 1.90 39.82 
29. Olugbu Agu 
(Nsukka) 
  Waltheria indicaLinn. 41.99 13.13 3.10 16.80 9.50 9.00 57.47 
HERBS 
30. Oranjila Haemorrhage 
Plant 
Aspilia africana 36.12 19.92 2.00 11.40 3.90 0.90 62.78 
31. Agbara 
(Nsukka) 
– Calopogonium 
mucunoides Desv. 
25.36 24.08 3.10 21.60 9.80 3.92 41.42 
32. Okpete Ginger-Lily Costus afer Ker-Gawl 45.41 16.86 2.70 21.20 11.00 2.40 48.24 
33. Ogbaraohu – Eupatorium 
oforatumLinn. 
44.48 20.58 3.80 9.30 7.60 0.60 58.72 
34. Mgbambirim 
(Nsukka) 
– Justicia spp. 36.79 22.77 2.00 14.00 12.00 3.50 49.23 
35. Okochi 
(Nsukka) 
– Justicia spp. 33.95 18.17 6.60 22.50 8.00 1.40 44.73 
36. Ebarintakpo 
Ocha 
– Sida Stipulata cav. 23.74 19.92 1.30 15.20 3.90 1.20 59.68 
37. Ebarintakpo 
Oji (Dark) 
(Nsukka) 
– Sida spp. 33.02 13.57 3.60 14.20 12.00 2.20 56.63 
38. – – Synedrella 
nodifloraGaertn. 
26.54 21.67 2.40 13.60 12.00 11.60 50.33 
39. Udo – Urena lobata Linn. 20.60 15.32 2.00 17.60 6.00 3.90 59.08 
40. Agbara 
Oyibo 
Cow Pea Vigna unguiculata(Linn.) 
Walp. 
38.46 11.82 1.50 18.20 6.10 0.90 62.38 
GRASSES 
41. – Gamba grass Andropogon 
tectorum Schum & 
Thonn. 
32.08 11.82 2.50 29.30 6.00 2.00 50.38 
42. Achara Bamboo Bambusa vulgadsWendel 46.66 19.48 1.80 28.20 11.04 1.40 39.48 
43. Achara Elephant 
grass 
Pennisetum purpureum 26.79 13.13 2.00 34.40 6.79 2.30 43.68 
44. Oka Maize Zea mays Linn. 31.44 15.32 2.80 23.20 8.00 3.80 50.68 
Table 2 The mean values of proximate components of forages eaten by goats 
Chemical Components Forages Mean (±SE) 
  Trees Shrubs Herbs Grasses   
Dry Matter 33.58 31.44 33.13 34.24 33.10±0.60 
Crude proteina 17.26 22.27 18.61 14.94 18.27±1.53 
Ether extractsa   2.78 5.84   2.82   2.28   3.43±0.81 
Crude Fibrea 22.68 15.55 16.25 28.78 20.82±3.10 
Asha  6.29   6.10   8.39   7.96   7.19±0.58 
Silicaa  2.01   3.29   2.96   2.38   2.66±0.29 
Silica-free asha  4.28   2.81   5.43   5.58   4.53±0.64 
Nitrogen-free extractsa 50.99 50.24 53.93 46.04 50.30±1.63 
aThe proximate components are expressed on dry matter basis. 
The significance of the higher ether extract of shrubs is not understood. However, if a good 
percentage of it is true fat then the shrub leaves are expected to have a higher energy content 
than are trees or grasses. 
The shrubs have the highest content of silica and the lowest silica-free ash. The generally high 
protein values and low fibre values in browse trees, shrubs and herbs may be an advantage to 
browsing sheep and goats, especially during the dry season when the nutritive values of tropical 
grasses are usually low due to decreased protein and increased fibre level (Oyenuga, 1957). 
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Materials and methods 
A preliminary assessment of the level of household supplementation of sheep and goat diets 
was carried out in three villages each in the humid forest and derived savanna zones of the Oyo 
State in Nigeria. Each of the selected villages held between 120-200 small ruminants. Two 
sheep (average weight 25 kg) and two goats (average weight 20 kg) on a low plane of 
supplementation and a similar number on a medium plane, were selected from each village and 
zone for observation. 
Using a pair of binoculars, each animal in a village was observed by a trained assistant at 10-
minute intervals, within the period of 07.00 and 19.00 hours in a six-weekly cycle. Thus 12 
paired observations, spread within time and location, were made on 12 sheep and 12 goats per 
zone in the late rainy season of the year (July–September 1979). The observed animals were 
recorded for time spent foraging, ruminating, idling and scavenging. Samples of browse plants, 
forbs and grasses selected during the day were collected for botanical and chemical analysis, 
and they were then ranked according to the mean frequency of bites and time spent feeding on 
them. 
Palatability trial 
Following the first few weeks of the village observations, six of the more commonly selected 
herbages were fed fresh in a cafeteria system together with a grass to four sheep and four 
goats (Table 1). A period of 7 days was allowed for adaptation to confinement during which the 
test herbages were randomly fed ad lib. Thereafter, measured quantities of the test herbages 
that could provide a 10% weighback were fed twice (8 am and 3 pm) daily for 21 days. Water 
and cobalt iodized salts were also available ad lib. Samples of feed offered and leftovers were 
collected daily, bulked weekly, and subsampled for proximate analysis (AOAC, 1965) and in 
vitro organic matter digestibility determination (Tilley and Terry, 1963, as modified by Alexander 
and McGowan, 1961 and 1966). (Table 4). 
The zones 
1. Lowland forest belt 
The forest belt stretches approximately 60-120 km along most of the West African coast from 
Sierra Leone eastwards and includes the humid forest and mangrove swamps (Crowder and 
Chedda, 1974). Active tree and food crop farms are scattered all over the land and these are 
interspersed with bush fallows of varying sizes. Tall coarse grasses such as Pennisetum, 
Hyparrhenia, Andropogon, Cenchrus and Aristida invade cultivated areas and natural clearings 
but grass cover is sparse or absent under the tree cover (Crowder and Chedda 1974). 
2. Derived savanna 
The derived savanna occupies a narrow belt adjacent and north of the lowland forest (Hopkins, 
1965; Nye and Greenland, 1960; Rose-Innes, 1971). Tall coarse grasses (Hyparrhenia, 
Andropogon)cover fallow farmlands. During the 3–4 months of dry season, the under-utilized, 
tall, parched grasses provide most of the combustible materials that are annually burnt to clear 
the land and to harvest game. These regular fires have destroyed many tall trees except fire-
resistant gnarled shrubs and bushes not exceeding 10m high. Reduction of the frequency of 
burning causes an invasion of woody species and rapid reversion to forest (Rose-Innes, 1971). 
Results and discussion 
The results in this report represent some of the findings in the first quarter of an ongoing project 
in the forest and savanna belts of southern Nigeria on the utilization of browse plants by goats 
and sheep in the village setting. 
Table 2 shows the distribution of the attributes of their behaviour which in this report are 
classified as rumination, idling, scavenging and foraging (browsing and grazing). Attempts were 
also made during the experimental period to assess supplementary feed dry matter intakes per 
animal per day in both zones. Table 1 shows the average amount of supplemental feed (DM) 
per animal/day. The main supplements were cassava peels and milled maize chaff in the 
savanna and forest zones respectively. 
  
Table 1. Daily dry matter intake of goats and sheep stall fed with six browse species 
and panicum maximum 
  Sheep Goats 
Particulars 1 2 3 4 Mean 1 2 3 4 Mean 
Ficus exersperata 
(g/day) 443.06 295.26 355.76   354.13 176.01 210.00 195.59 103.53 171.28 
% (23.02) (18.33) (16.81) (21.63) (19.62 (12.35) (17.12) (13.93) (8.19) (12.88) 
Newbouldia leavis 
(g/day) 32.29 29.71 34.57 23.71 30.07 34.86 18.57 29.29 43.71 31.61 
% (1.68) (1.84) (1.57) (1.59) (1.67) (2.45) (1.51) (2.09) (3.46) (2.38) 
Asphilia africana 
(g/day) 93.87 155.27 170.21 72.60 122.99 54.29 47.48 47.48 43.27 48.13 
% (4.88) (9.64) (7.74) (4.87) (6.81) (3.81) (3.87) (3.38) (3.42) (3.62) 
Spondias mombin 
(g/day) 569.25 467.33 565.07 351.47 488.28 498.67 303.33 348.40 435.07 396.37 
% (29.58) (29.02) (25.71) (23.58) (27.05) (34.99) 24.73 (24.82) (34.41) 29.80) 
Cyclicodiscus gabunenis 
  (g/day) 416.26 493.44 562.59 409.62 470.48 482.96 508.06 543.50 497.42 507.99 
% (21.63) (30.64) (25.59) (27.48) (26.06) (33.89) (41.42) (38.72) (39.34) (38.19) 
Ficus (sp) 
(g/day) 275.31 98.38 230.99 81.69 171.59 74.22 68.28 149.43 56.84 87.19 
% (14.31) (6.11) (10.51) (5.48) (9.51) (5.21) (5.57) (10.64) (4.49) (6.56) 
Panicum maximum 
(g/day) 94.34 71.13 279.00 228.99 168.37 104.00 70.94 90.07 84.69 87.43 
% (4.90) (4.42) (12.69) (15.36) (9.29) (7.30) (5.78) (6.42) (6.70) (6.57) 
Total daily DM 
intake (gm) 1924.38 1610.52 2198.19 1490.52 1805.91 1425.01 1226.66 1403.76 1264.53 1330.00 
Liveweight 
(kg) 
16.80 15.20 18.80 13.70 16.13 17.30 14.70 14.50 17.40 15.98 
Daily DM intakes as 
% 
liveweight 
11.45 10.60 11.68 10.88 11.20 8.24 8.34 9.68 7.27 8.32 
Daily DM intake/ 
kg W 0.75 231.85 209.16 243.43 209.34 223.45 168.04 163.34 188.93 148.42 167.18 
Table 2. Behaviour distribution of small ruminants in the village setting of southern Nigeria 
  Forest Savanna 
  Goats Sheep Goats Sheep 
Rumination (a/o)  25.84   24.70  16.92  22.14 
Idling (%)  46.73   44.00  54.32  38.53 
Scavenging (%)  20.93   11.10    8.13   9.14 
Browsing/grazing (%)    6.50   20.20  20.63  30.19 
Total (%) 100.00 100.00 100.00 100.00 
Average DM supplement 
animal/day (gm) 
850 760 360 510 
DM from supplement 
animal/day/kg liveweight 
   4.25    3.04    1.80    2.04 
Dry matter intake from supplementary feeds per kg liveweight per animal per day for the forest 
goats and sheep was calculated to be about 850g (4.24%) and 7608 (3.04%) respectively, 
comparable figures for the savanna being 360g (1.81%) and 510g (2.05%). Thus the forest 
animals appeared to be better supplemented than their savanna counterparts. This observation 
could be more associated with the farming systems and practices of the villages investigated 
than with their climatic differences. The data also indicates that between zones and within 
species the higher the level of DM supplementation the lower the time spent in browsing and 
grazing (Table 2). Thus in the forest zone where supplementation is higher for both goats and 
sheep the times spent foraging are lower than the figures for the same species in the savanna 
zone. 
Figures as shown in Table 2 indicate that between zones and within species increased 
utilization of the forage reduces scavenging (inverse relationship). Thus the savanna goats and 
sheep which browsed and grazed longer (20.63% and 30.19% respectively) spend less time 
scavenging (8.13% and 9.14% respectively). Thus scavenging, in both species, appeared to 
argument foraging which in turn depended on the amount of supplementary feed offered. 
Time spent by sheep and goats in browsing and grazing in the study is tabulated in Table 3 and 
graphically expressed in Figure 1. The biting ratios of browse to grass in the forest zone were: 
77:1 for the goats and 13:1 for the sheep. Comparable figures for the savanna zone were: goats 
1.1:1 and sheep 1.6:1. Thus browse plants are selected more often by goats and sheep in the 
forest zone than in the savanna region, though browse plant height or accessibility tended to 
affect selection pattern. 
Table 3. Grazing browsing time of small ruminants in southern Nigeria 
  Forest Savanna 
  Goats Sheep Goats Sheep 
Total foraging time (h) 0.78 2.24 2.47 3.62 
Browsing (h) 0.77 2.24 1.29 2.20 
Grazing (h) 0.01   .18 1.18 1.40 
Total no. of forage bites    78 395 358 209 
Number of grass bites      1   29 171 81 
Number of browse bites    77 366 187 128 
Goats and sheep in the savanna zone respectively spent 52.2% (1.29 hours) and 61.1% (2.20 
hours) in browsing and 47.8% (1.18 hours) and 38.9% (1.40 hours) in grazing. Comparable 
feeding time allocations for the forest zone sheep and goats were respectively 98.7% (0.77 
hours) and 92.6% (2.24 hours) for browsing, while the remainder of 1.3% (0.01 hours) and 
7.43% (0.18 hours) were spent grazing. 
Figure 2 shows the distribution of eating intensity between 0.700-10.00 hours in the study areas. 
Goats in both zones appeared to have a two-peaked eating time pattern, the intensity being 
high around late morning and higher during the evening. On the other hand eating time for the 
sheep appeared to be one-peaked, the intensity increasing towards the afternoon. 
Palatability trial 
Table 1 shows the daily dry matter intake of the experimental dwarf goats and sheep, stall-fed 
with six browse species and a grass (Panicum maximum). Average daily dry matter intake for 
the sheep was 1805.91g with a comparable figures of 1330.00g for the goats. The intake per 
kilogram of metabolic size (Wkg 0.75) for the sheep was 223.45g/day as compared to 167.18g/ 
day for the goats. The mean daily dry matter intake as a percentage of the mean liveweight was 
11.20% for the sheep and 8.32% for the goats. The intake figure for the goats compared 
favourably with the 8% observed by French (1970). Majundar (1967) quoting data from Brody's 
experiments of 1938 concludes that the minimum appetite of the goat for DM is about 5% of the 
body weight and with well-bred goats intake could be as high as 8 1/2% of the body weight. 
During the 21-day experimental period both goats and sheep appeared to concentrate their 
choice on Spondias mombin and Cyclicodiscus gabunensis, being closely followed by 
Ficus exersperata.The mean percentage intake of Spondias mombin in the total daily DM intake 
of the goats was 29.80% (396.37g) as compared to 27.05% (488.2kg) for the sheep. 
For Cyclicodiscus gabunensiscomparable figures were 38.19% (507.9kg) and 26.06% (470.48g) 
respectively. Intake of Panicum maximum was poor and constituted only 9.29% (68.37g) total 
DM intake of the sheep with a comparable figure of 6.56% (87.43g) for goats. The sheep gained 
an average of 120g/day and the goats 90g/day. The high weight gains and daily DM intake 
could be a response to the free choice of plants that are hitherto not too accessible to foraging 
animals under the traditional methods of management. Most of these shrubs and trees often 
grow out of reach of the animals. However the fact is established that some of the offered 
browse plants which incidentally retain most of their leaves through the dry season are more 
acceptable and perhaps more complete feeds to goats and sheep than the sown Panicum 
maximum—pastures. 
 Figure 1. Grass browse utilization by goats and sheep in southern Nigeria. 
Table 4 shows the proximate composition, organic matter% dry matter%, silica free ash, acid 
detergent fibre and the in vitro organic matter digestibility coefficient of the test forages. 
Differences in the crude protein content were small and could not probably direct the pattern of 
choice between the offered forages. In fact Asphilia Africana which is one of the least preferred 
had the highest protein content of 17.17% as compared to 14.01% for Spondias mombin and 
15.80% for Cyclicodiscus gabunensis which are the most acceptable to both species of 
ruminants used in the experiments.Panicum maximum which is not favoured in the palatability 
trial also had the lowest protein content of 12.76%. 
Table 4 Proximate composition, dry matter, organic matter, acid detergent fibre and the in 
vitro organic matter digestibility coefficient of the test forages 
  Total 
ash 
% 
Ether 
extract 
% 
Crude 
protein 
% 
Crude 
fibre 
% 
NFE 
% 
Silica 
% 
Silica 
free 
ash % 
DM 
% 
OM 
% 
ADF 
% 
In 
vitroOM 
Dig. % 
Ficus 
exersperata 
12.00   10.00 14.45 25.00 38.55 10.00 2.00 54.00 88.00 20.00 45.51 
Newboulotia 
leavis 
  
7.00 
 
900 
 
16.14 
 
29.00 
 
38.86 
 
4.00 
 
3.00 
 
60.00 
 
93.00 
 
37.00 
 
41.84 
Asphilia africana 13.00 16.00 17.17 25.00 26.83 5.00 8.00 77.00 85.00 26.00 45.45 
Spondias 
mombin 
  6.00   7.00 14.01 17.00 55.99 4.00 2.00 56.00 94.00 24.00 37.50 
Cyclicodiscus 
gabunensis 
  
  5.00 
  
8.00 
 
15.80 
 
21.00 
 
50.20 
 
3.00 
 
2.00 
 
68.00 
 
95.00 
 
23.00 
 
54.00 
Ficus (sp)   7.00 5.00 14.83 22.00 51.17 4.00 3.00 73.00 93.00 25.00 41.49 
Panicum 
maximum 
 
13.00 
 
10.00 
 
12.76 
 
30.00 
 
34.24 
 
10.00 
 
3.00 
 
78.00 
 
87.00 
 
28.00 
 
36.96. 
The acid detergent fibre and crude fibre content appeared to correlate more with free choice 
pattern than crude protein. Newbouldia leavis and Panicum maximum which are the least 
palatable had the highest ADF values of 37.0% and 28% respectively. Comparable figures for 
the two most palatable forages, Spondias mombin and Cyclicodiscus gabunensis, being the 
lowest values of 24% and 23% respectively. 
Crude fibre content for the least palatable forages, Newbouldia leavis and Panicum maximum, 
also had the highest values of 29.0% and 30.0% respectively; comparable figures for Spondias 
mombinand Cyclicodiscus gabunensis being 17.0% and 21.0% respectively. The relationship of 
the organic matter in vitro digestibility coefficient with choice was no more consistent than the 
earlier ones discussed. 
Theoretically one expects some measure of relationship between chemical composition of 
forages and their preference but this experiment does not seem to highlight a consistent 
correlation between the test forages and their chemical composition. In fact Tribe (1950b) 
commented that "the most common mistake regarding palatability is the idea that each plant 
species has its own special measure of palatability" and Heady (1964), as if complementing 
Tribe, said, "no single plant characteristic has been found that is isomorphic with one 
behavioural process". 
 Figure 2. Distribution of forage utilization between 07-19 hrs by small ruminants in the village 
setting of southern Nigeria. 
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1. Introduction 
Before attempting to evaluate possible future improvements to the nutritional level of a herd, it is 
essential to have detailed knowledge of the previous nutritional conditions of the animals in 
question. 
As regards the traditional cattle production systems in Mali, this nutritional level can be taken as 
equal to the nutritive value of the pastures1 which exist between environment, management and 
nutrition make it necessary to take these various factors into account in any nutritional research. 
____________________________________________________ 
(l) The nutritive value of a pasture is defined as the product of the quantity times the energy 
value of the forage actually consumed. 
In the course of research on a herd raised under the traditional sedentary system of the Office 
du Niger, we register certain data which fall into these categories every month, over a period of 
five consecutive days: the quantity and quality of fodder actually ingested, the productivity of the 
pastures, the herd management methods, and the behaviour and performance of the animals. 
The results should enable us to better identify and evaluate any future programmes which may 
be undertaken to improve the production of these animals. 
Within the framework of this research, the amount of time the cattle spend each day on the 
different types of fodder present on the pastures has been worked out. In this paper, which is 
concerned mainly with this aspect of the subject, the position which browse occupies in the daily 
diet during the various bioclimatic periods will be discussed. 
2. Description of the environment 
The Office du Niger, an organization for the development and utilization of irrigated crops in the 
dead delta of the Niger River in Mali, covers a zone of 45,000 hectares of irrigated land, 
primarily devoted to rice cropping. A large part of the profits derived from this activity by the 
cultivators—called colons —is invested in the form of animals (sheep, goats and cattle). These 
animals, apart from a small number which remain in the village (sheep and goats for fattening at 
home, milk cows and cattle used for ploughing) are entrusted to Fulani herdsmen who rent out 
their services for a monthly salary of two thousand Malian francs (2,000 FM = US$5) plus all the 
milk produced by the herds entrusted to them. 
Taken as a whole, these herds form the basis of an animal production system which is semi-
sedentary rather than sedentary (their official category), within an area of influence covering a 
radius of some thirty kilometres around the irrigated perimeter. From the natural pastures where 
they remain from July to October, they move to the millet fields and fallows in November, then to 
the rice fields from January to April, and subsequently return to the millet fields and fallows 
which provide a holding area until the beginning of the 'winter cycle' in July. One of these herds, 
composed of 85 head of cattle, was used for testing. 
The research work is carried out around Niono, situated in the Sudano-Sahelian zone with an 
average rainfall of 550 mm, which is the economic centre of the Office du Niger. 
The fodder availabilities noted in Table 2 in kg of DM ha have been calculated by the ecological 
team of the ILCA project for various pastures: on grass (natural pastures), millet stubble and 
straw (millet fields and fallows), and rice straw and shoots (rice fields). The estimates are, 
however, very approximate, since they concern rangeland which was neither delimited nor 
subject to any form of control. 
The fodder contribution of browse has not been evaluated. However the browse species used 
by cattle and their relative importance according to the pasturages are shown in Table 1. 
Table 1 Palatable browse species: some characteristics and relative proportions on different 
types of pasture 
        Period of Relative proportions on 
pastures 
Species Tree Shrub 
bush 
Thorns Total 
defoliationa 
Fruit 
bearing 
Natural 
pastures 
Millet 
fields 
Millet 
fallows 
Rice 
plots 
(bonds) 
Acacia albidaMimosaceae +   + Rainy season 
June–
October 
Dry 
season 
Jan.–May 
        
Acacia SenegalMimosaceae   + +++ Dry season 
October–
June 
Cold 
season, 
early rainy 
season 
++   ++   
Acacia seyal 
Mimosaceae 
  + ++ Dry season 
October–
June, 
Cold 
season, 
early rainy 
season 
++++   ++ + 
Adansonia 
digitataBombacaceae 
+     Dry season 
Oct.–May 
Cold 
season 
Jan.–
February 
++ ++ +++   
Balanites 
aegyptiacaSimaraubaceae 
+ + +++ Ob End rainy 
season, 
Cold 
season 
++ + ++   
Bauhinia 
rufescensCaesalpiniaceae 
  +   O End rainy 
season 
    ++ + 
Boscia 
senegalensisCapparidaceae 
  +   O Cold 
season 
+++   ++ + 
Cadaba   +   O Cold ++   ++   
farinosaCapparidaceae season 
Combretum 
acculeatumCombretaceae 
  +   Dry season 
Oct. to Feb.–
May 
March–
Sept. 
+++ + ++ ++ 
Combretum 
micrantumCombretaceae 
  +   Dry season           
Commiphora 
africanaBurseraceae 
+ + + Dry season Cold 
season 
++   ++   
Feretia 
apodentheraRubiaceae 
  + + Dry season 
Oct.–June 
End rainy 
season 
Sept.–Oct. 
+++   +++   
Guiera 
senegalensisCombretaceae 
  +   Dry season 
Jan.–Apr. 
End rainy 
season, 
cold 
season 
+++ +++ ++++   
Grewia bicolor 
Tiliaceae 
  +   Dry season 
Oct.–June 
Rainy 
season 
+++   ++   
Pterocarpus 
lucensPapilionaceae 
+ +   Dry season 
Dec.–July 
Rainy 
season 
++++   +++ + 
Ziziphus 
mauritianaRhamnaceae 
  + ++ Dry season 
Jan.–Apr. 
Cold 
season 
+++ + +++ + 
aThe periods shown are not applicable for rice plots and their surrounds, for which the 
vegetation phases are listed with specific ecological conditions:groundwater, air humidity, high 
pastoral or agricultural pressure. 
bO: Leaves present throughout the year. 
The grass cover is dominated by annual plants: Schoenefeldia gracilis, Loudetia togoensis, 
Diheteropogon hagerupii, Bracharia antholata, Pennisetum pedicellatum, Cenchrus biflorus, 
Elionurus elegans (Graminaceae), and Zornia glochidiata (legume), to which should be added 
several species of Borreria (Rubiaceae) (Hiernaux, 1978). 
3. Methodology of behaviour research 
This consists in observing four animals of a herd—always the same ones—once a month for 
five consecutive days, that is to say, for 120 hours, during which period the activity of each 
animal (at the moment of observation) is registered every fifteen minutes: making up a total of 
1920 observations in any one research period. 
The activities of the cattle are classified as follows (Diallo, 1978): 
a) Grazing: ingesting the fodder, licking. the soil, minor changes of position (head lowered) 
during browsing. 
b) Rumination: chewing the foodstuff regurgitated from the stomach. 
c) Watering: drinking. 
d) Walking: moving from one point to another without browsing. 
e)Resting: any other activity apart from those mentioned above. 
Under the heading grazing, the observer specifies the type of fodder in question: grass or straw, 
browse, millet stubble, rice straw, regrowth. 
4. Results and discussions 
4.1 Animal behaviour 
The results of the observations concerning the time allocated by the animals to each of their 
activities are listed in Table 2 and Figure 1. The seasonal variations demonstrate clearly the 
interaction between the availability of fodder, the management of the herd, and behaviour of the 
animals. Amongst them can be noted: 
Table 2 Environment–management–behaviour. Seasonal variations of a few parameters 
Environment Management Behaviour 
Observation 
period 
Type of 
pasture 
(biomass) 
Average 
day 
temp.(C°) 
Day-
time 
grazing 
H/24h 
Night-
time 
grazing 
H/24h 
Grazing 
time 
H/24h 
Ruminating 
time 
H/24h 
Resting 
time 
Watering 
time 
H/24h 
Walking 
time 
H/24h 
Distant 
travellelled 
(Km) 
July Natural 
grazing 
(400 kg 
DM/ha) 
 
27.7 
 
8.54 
 
0.94 
 
6.91 
 
4.20 
 
10.88 
 
0.15 
 
1.87 
 
12.1 
August Natural 
grazing (1200 
kg DM/ha) 
 
26.6 
 
7.85 
 
0.30 
 
5.84 
 
6.36 
 
10.17 
 
0.16 
 
1.43 
 
  9.8 
September Natural 
grazing (1500 
kg DM/ha) 
 
27.1 
 
6.65 
 
1.55 
 
6.43 
 
6.30 
 
  9.63 
 
0.24 
 
1.37 
 
12.9 
October Natural 
grazing (1200 
kg DM/ha) 
 
28.2 
 
8.66 
 
1.25 
 
6.33 
 
6.86 
 
  6.48 
 
0.24 
 
4.0- 
 
20.4 
November Fields—
fallows millet-
first visit (1200 
kg DM/ha) 
 
 
23.3 
 
 
7.50 
 
 
2.20 
 
 
8.70 
 
 
7.04 
 
 
  7.06 
 
 
0.30 
 
 
1.56 
 
 
14.5 
December Rice plots and 
fallows (200 
kg DM/ha) 
millet fields 
and 
fallows 
  
22.5 
  
7.45 
  
1.85 
  
7.39 
  
6.99 
  
 7.90 
  
0.34 
  
1.36 
  
11.3 
January Hors easier 
rice plots 
(1500 kg 
 
 
24.2 
 
 
7.45 
 
 
1.75 
 
 
7.93 
 
 
7.76 
 
 
 7.15 
 
 
0.30 
 
 
0.85 
 
 
10.1 
DM/ha) 
February Hors easier 
(2500 kg 
DM/ha) 
 
28.3 
 
7.58 
 
2.20 
 
8.21 
 
7.92 
 
 6.46 
 
0.30 
 
1.01 
 
10.9 
March Hors easier 
(1000 kg 
DM/ha) 
 
 
25.8 
 
 
8.40 
 
 
2.25 
 
 
8.78 
 
 
6.38 
 
 
 7.07 
 
 
0.36 
 
 
1.37 
 
 
15.0 
April Hors easier 
(350 kg 
DM/ha) 
 
32.8 
 
8.45 
 
5.80 
 
8.54 
 
6.53 
 
 7.14 
 
0.24 
 
1.51 
 
15.1 
May Millet fields & 
fallows (300 
kg DM/ha) 
2nd visit 
 
 
31.4 
 
 
9.03 
 
 
2.80 
 
 
10.03 
 
 
5.29 
 
 
 6.98 
 
 
0.07 
 
 
1.59 
 
 
17.2 
June 2nd visit (240 
kg DM/ha) 
 
29.2 
 
9.15 
 
3.75 
 
10.41 
 
4.97 
 
 7.08 
 
0.06 
 
1.45 
 
17.2 
 
4.1.1 The grazing time is in inverse ratio to the availability of fodder. On high-productivity 
pastures (July–February), the grazing period is between six and eight hours every 24 hours, but 
when the quantity of fodder available diminishes (March to June), the grazing time lengthens to 
nine to eleven hours. However, this effect of fodder quantities ceases to dominate at a biomass 
equal to or over 1200 kg of DM/ha. At this level, it seems that other factors such as the 
palatability and the degree of dispersal of fodder on rangeland have a greater effect on grazing 
time. For example, in August, when fodder is abundant and of high quality, the grazing time is 
the lowest of the year. In November, when the average biomass per hectare is equivalent to that 
of the month of August, the grazing time lengthens by a little more than two hours, probably due 
to the difference in quantity of available fodder from one area to another on the millet field 
fallows. 
4.1.2 The shortening of grazing time during periods of great heat, indicated in the literature 
(Riviére, 1974), has not been confirmed in the present instance. The average temperatures in 
the shade at 15 h during the April-June research work were 28° and 35° respectively. 
4.1.3 The management of the herd, taken here to mean the time spent at pasture, depends on 
the herdsman at least as far as daytime grazing is concerned. Night management is more often 
left to the initiative of the animals themselves, who leave for pasture at a given time. This 
management seems also to take account of the degree of availability of fodder. From April to 
June (end of dry season), the periods spent at pasture are the longest in the year. 
4.1.4 Rumination depends on the quality of the fodder, thus on its digestibility, and also on the 
degree of ingestion. From May to July, the period when part or all of the fodder consumed is 
very young (early rains in May–June 1979 enabled a grass stratum to become established) and 
only a small quantity is ingested (May–June), the rumination periods are short: (4.20–5.29 hours 
per 24 hours). They increase, however, when the grass matures and with the increase in the 
ingestion rate (6.30–7.29 hours per 24 hours). 
4.1.5 The changes caused by the environment to the times allocated by the animals to their 
various activities, either add to or subtract from their resting periods. For example, when fodder 
is abundant and of good quality (July–September), pasture and rumination periods shorten, 
whereas rest periods lengthen. In October, when the animals are obliged to walk ten kilometres 
by day to drink, because the ponds in the natural pastures are dried up and the presence of 
uncropped millet fields stops them from camping near to watering points, the increase in the 
walking periods decreases their rest periods.  
4.1.6 Walking times registered are equivalent to displacements at speeds equal or superior to 3 
km/h. The classification of these periods around an average of 1.3 hours (apart from the month 
of October), indicated that the distances between camps, watering points, and pastures remain 
substantially the same at the different sites. In fact it has been noted that the herdsman always 
settles on the pasture which he has decided to utilize at a distance of 0.5 or 1 km from watering 
points (ponds or irrigation canals). 
4.2 The proportion of grazing time spent on browse 
The proportional grazing periods for the various fodder species are noted in Table 3. 
  
Table 3 Proportions of grazing time spent on different feeds (value expressed as percentage of 
daily grazing time) 
Observation 
period 
July August September October November December January February March April May June 
Daily grazing 
time (hours) 
 
6.91 
 
5.84 
 
  6.43 
 
  6.33 
 
  8.07 
 
  7.93 
 
 7.93 
 
 8.21 
 
 8.78 
 
 8.54 
 
10.03 
 
10.41 
%time spent 
on grass or 
brush straw 
 
 
99.1 
 
 
100 
 
 
98.6 
 
 
73.4 
 
 
43.4 
 
 
49.7 
 
 
– 
 
 
– 
 
 
– 
 
 
– 
 
 
84.30 
 
 
99.7 
%time spent 
on browse 
 
0.9 
 
0 
 
  1.4 
 
26.6 
 
  2.0 
 
13.0 
 
 3.9 
 
– 
 
– 
 
– 
 
  4.0 
 
  0.3 
%time spent 
on millet 
stubble 
 
– 
 
– 
 
– 
 
– 
 
54.6 
 
11.6 
 
 4.1 
 
– 
 
 3.8 
 
– 
 
– 
 
– 
%time spent 
on rice straw 
 
– 
 
– 
 
– 
 
– 
 
– 
 
25.7 
 
66.0 
 
81.8 
 
69.0 
 
89.5 
 
11.7 
 
– 
%time spent 
on regrowth on 
rice plots 
  
– 
 
 
– 
 
 
– 
 
 
– 
 
 
– 
 
 
26.0 
 
 
18.2 
 
 
27.2 
 
 
10.5 
 
 
– 
 
– 
The results confirm the fact that cattle prefer grass species, even when their feed value is poor, 
to browse species (Peyre de Fabrègues, 1975). It is also evident that, apart from the October 
and December data, the animal devotes 4% or less of its day to browse. In January and May, 
when grass feed is of poor quality (straw), the proportion of browse grazing is around 4%. This 
proportion diminishes when fodder becomes green and abundant (July to September). 
The almost total lack of browse on the land used from February to April (ricefields, see Table 1) 
added to the consumption of regrowth, explains the disappearance of browse from the diet at 
this period. 
The behaviour of cattle as regards browse in June, October and December, indicates that the 
composition of the ecosystem grazed and the palatability of fodder affect this parameter. 
Early rains in June promote the germination of grass, and the search for appetising green 
shoots seems to contribute to the neglect of browse (periods taken up by browse feeding= 0.3% 
of grazing time). 
In October, many browse trees and shrubs lose their leaves (see Table 1):.Cattle seem to enjoy 
these leaves, which they can gather easily (browse fodder periods = 26% of grazing time). This 
increase in consumption when browse fodder is to be found on the ground implies that the 
gathering of fodder from the trees does not suit this species of animal, and to this should be 
added the observation that a certain number of widespread varieties have thorns which make it 
difficult for the animal to gather the leaves with its wide muzzle. 
In December, the non-harvested rice fields oblige the animals to spend the night on the millet 
fields and fallows, which at this period have only a very poor grass stratum, due to the intensive 
utilization which they have undergone during the preceding months. Browse then becomes, in 
these areas, the most abundant fodder. The increase in consumption (13% of grazing time) 
seems to be due rather to necessity than to preference. This phenomenon could account for the 
considerable browse consumption by cattle (5–45% from the beginning to the end of the dry 
season) noted by Blancou et al (1978) who used, for their experiments, a pasture with a poor 
grass stratum, dotted with bushy or tree-covered areas. 
4.3 Estimates of browse ingestion 
3.1 First of all, does the time devoted to their ingestion allow an accurate estimate to be made of 
the proportions2 of different types of fodder in the diet? The answer to this question depends, in 
our opinion, on the palatability and the availability of each foodstuff. Several different instances 
may be singled out, when the animals have different types of fodder at their disposition. 
____________________________________________ 
(2) The proportions of foodstuffs in the diet are not only a function of grazing times, but also of 
the number of mouthfuls per minute and the weight of each mouthful. It has been noticed, 
during the observations made in the course of this research, that the number of mouthfuls per 
minute varies with the palatability of the foodstuff and the degree of its dispersion on the 
rangeland, and that the weight of the mouthful is a function of the concentration of dry matter in 
the foodstuff, and the presentation of the latter, e.g. standing foodstuff, or foodstuff already cut 
and left on the ground. Taking into account all these factors, the utilization of the average weight 
of the mouthful, and the average number of mouthfuls per minute for each period (see Table 4), 
calculated in quantities of DM of browse ingested, gives satisfactory results: consumption of 
browse per minute is substantially the same from October to January. In September, the high 
figure of mouthfuls/minute seems to have caused a slight overestimate of the quantity ingested. 
4.3.1.1 If the most palatable foodstuff is the most abundant, the animal will devote the greater 
part of his pasture time to it. It can thus be concluded, with only a slight margin of error, that the 
diet is principally made up of this particular foodstuff (e.g. grass at the beginning of the wintering 
period). 
4.3.1.2 If the most palatable foodstuff is quantitatively insufficient, timing will then become a very 
poor indication, as the animal will waste its time on shreds or small morsels, from which it will 
gain nothing. This has been observed with cattle on millet fields where a few bundles of cowpea 
leaves (vigna sinensis) had been left: 29% for the cowpea as against 71% for the stubble. The 
quantitative proportions of these two foodstuffs in the diet are certainly different from the eating 
time proportion registered. 
4.3.1.3 If the foodstuff is only moderately or scarcely palatable, but available in sufficient 
quantity, timing may well be considered as an indication, as it can be taken for granted that 
each time the animal approaches the fodder it does so in order to eat it. We can thus classify 
browse in this category. 
In general, although the times devoted to the various types of fodder do not always permit an 
accurate appreciation of the proportions of these foodstuffs, in the diet, when they are compared 
with the relevant available biomasses they do provide good indications of palatability. 
4.3.2 Following this train of thought, we can estimate, using the data available from outside 
sources, the daily average ingestion of dry browse matter during monthly observations from 
September to January. 
The results noted in table 4 show that the browse fodder contributions (apart from those of 
October and December) to daily diets are weak: 0.12 to 0.24 kg DM/day. It should be noted, 
however, that there is an increase in the quantities ingested as the dry season progresses. 
Table 4 Estimate of quantities of dm of browse ingested daily during study periods from 
September to January 
  September October November December January 
Average weight of animals (kg)  258  266  261  247  251 
Faeces production (8 DM/day) 2662 2864 3170 3153 3078 
Digestibilitya 0.66 0.51 0.49 0.52 0.50 
Total DM intake (9/day) 7829 5845 6215 6568 6156 
DM intake in kg/100 kg GM  3.0  2.2 2.4 2.6  2.4 
Total mouthfuls per day 12500 9485 5335 6710 10183 
Average mouthfuls per minute  32 25 12 15  21 
DM weight per mouthful (g) 0.626 0.616 1.123 0.978 0.604 
Time spent on broese (min)  6 101  10  58  19 
DM of browse ingested (g/day) 120 1555 135 851 241 
aValues October to January estimated pending laboratory analysis results. 
In October and December, for the above-mentioned reasons, the daily browse ingestion 
increases: 1.55 and 0.85 kg DM respectively: that is to say, the provision of digestible protein by 
month of 3.8 and 3 kg is sufficient to cover the maintenance of an TLU4 for 25 and 14 days s. 
______________________________________________ 
(3)These quotas have been calculated taking into account that browse foodstuffs have an 
average content of 82g of digestible protein per kg of DM (Le Houérou, 1980). 
(4) TLU = Tropical Livestock Unit: an adult cow weighing 250 kg (Boudet, 1975). 
(5) The number of days has been decided on the basis of 0.6 g of digestible protein for the 
maintenance of 1 kg liveweight for ruminants (Riviére, 1977). 
When the development of the average weights of the animals from September to February is 
examined (see Table 5), it can be seen that the weak weight gains registered occur precisely at 
the periods when the quota of browse in the ration is large: in the second fortnight of October 
and the first fortnight in January. The increase (plus 6 kg) in October when the ingestion of total 
dry matter, composed solely of brush straw and browse leaves, is the lowest for the period 
under consideration, could be ascribed to the contribution which browse makes to the 
improvement in quality of the ration. 
  
Table 5 Development of average weight of animals in relation to feed intake 
Date of weighings 30 
August 
15 
Sept. 
30 
Sept. 
15 
Oct. 
30 
Oct. 
15 
Nov. 
30 
Nov. 
15 
Dec. 
30 
Dec. 
15 
Jan. 
30 
Jan. 
15 
Feb. 
30 
Feb 
Average animal 
weight 
237 256 258 260 266 267 261 259 247 250 251 250 247 
Weight variation from 
one period to next 
  +19 +2 +2 +6 +1 –6 –2 –12   +3   +1 –1 +3 
Total DM of feed 
ingested (kg/day) 
6.3   7.8   5.8   6.2   6.5     6.1   6.0 
Quota of browse in 
DM intake (kg/day) 
0   0.12   1.55   0.13   0.85   0.24   0 
The proposition that browse foodstuffs should constitute 20–30% of the herd's ration, specially 
in the dry season (Le Houérou, 1979), is thus fully justified, but its realization for cattle of the 
system under research seems difficult, due to the presence of a relatively abundant grass cover 
on this season's rangeland. 
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1. Introduction 
Some 40,000 hectares of fodder shrubs were planted in Libya in 1976-79. These are 
essentially Acacia cyanophylla, Atriplex halimus, A. nummularia, A. canescens A. 
lentiformis and Opuntia ficus-indica, var. inermis. (Le Houérou, 1978, 1979, 1980; Bouchamaoui 
et Hadri, 1980) A few hundred hectares of other species of fodder shrubs were planted as well 
in various sites, notably: Acacia liqulata, A. aneura, A. salicina, A. victoria, Calligonum 
comosum, C. arich, C. azel, Periploca laevigata, Morns alba, Prosopis juliflora, Eucalyptus 
albens, Medicago arborea, Cassia sturtii, Colutea arborescens. 
These plantations were carried out in solid blocks of 5–50 hectares for two main purposes: 
1. Reserves for the seasonal feed shortage occurring every year from August to December 
(last seasonal rains occurring usually in April and the first in October). 
2. For buffer feed reserves as part of a drought-evading strategy for "abnormal" periods of 
prolonged droughts, which may occur at any time of the year, irregularly, one year out of 
three to five, as an average. 
This overall strategy was described by Le Houérou and Froment (1966): 'Definition d'une 
doctrine pastorale pour la Tunisie steppique' (see References) and, in the case of Libya, by Le 
Houérou (1965, 1974, 1979, 1980). 
2. Material, methods and conditions of the experiment 
An experiment of supplementary feeding with Acacia cyanophylla Lindl. was undertaken from 1 
October to 18 December 1978, some 20 km southwest of the town of Azizia in an area receiving 
an average annual rainfall of 225 mm (as measured over a period of some 60 years). 
The flock used was composed as follows: 
84 breeding (pregnant) ewes Barbary Fat Tail Libyan 
sheep 
20 yearlings 
5 rams 
10 adult female-goats Black North African goat 
  1 buck 
  2 kids 
The flock was herded on a rotational basis over 4 fenced paddocks of 29.5 ha each, with a 
supplementary ungrazed block of 32 ha of shrub plantations (Acacia cyanophylla, Opuntia ficus 
indica, A. halimus, A. nummularta, A. canescens). 
Each of the four paddocks was grazed for one month and rested three months alternatively, all 
the year round. The total grazed area was thus 29.5 × 4 = 118.0 ha. This grazing system was 
described and successfully carried out in more or less similar conditions in Tunisia for many 
years and au same 10 sites. This scheme of 150 ha (118 ha of range – 32 ha of fodder shrubs 
reserves) is the typical sheep-farm designed for this area by the Jeffara Plain Development 
Authority. A few hundred of such farms are in the process of being allocated to recipient farmers 
in 1980. The aim of the experiment was to test the technical and economic feasibility of the 
scheme (Le Houérou, 1965, Ionesco, 1975). The rainfall distribution (mm) in two nearby sites N 
and S of the experimental area is shown in Table 1. 
Table 1. Rainfall distribution (mm) in 2 sites near the experimental area 
  Abu Sheiba Bir Ghanem II 
  1976/77 77/78 78/79 1977/78 78/79 
Sept. – 20.2 – – 0.4 
Oct.  50.0 –   26.2   20.0   19.6 
Nov.  16.2   14.5   53.9     4.6   10.6 
Dec.    1.9   65.6 –   50.9 – 
Jan.  18.1   28.4     9.0   34.4 – 
Feb.  17.6   46.5   55.3   48.8   44.6 
March –   50.0   31.2   40.8   34.4 
April    4.5 –   58.7 –   54.9 
May/Aug. – – – – – 
Total 108.3 225.2 234.3 199.5 167.9 
The soils of the experimental area are essentially stabilized sands dunes with some local 
outcrops of calcareous rocks and quaternary lime crust (caliche) and some localized drifting 
sands. Elevations 125 to 150 m asl. 
Range conditions of the area were first described by Le Houérou (1965), the several studies 
and large scale mappings 1/20000 were undertaken by Gefli (1974) and the FAO team of the 
TF–Lib. 10 project. Estimation of long-term yearlong carrying capacity was: 
1 sheep for 1.51/ ha (Le Houérou, 1965) 
1 sheep for 2 ha (Gefli, 1974) 
1 sheep for 3 ha (FAO Team. 1977) 
The main range type in the area is that of Stipagrostis pungens and Lygos raetam. 
Further studies by Stephanesco (1977) subdivided it into 52 grazing subtypes of which three are 
present in the experimental farm under study. The range had been protected from grazing for 2 
years before the start of the experimental farm in 1976 and was in good condition. 
Plant cover was 75 to 90% (Canopy cover) of which 25 to 50% were annuals and 35 to 50% 
were perennials. Maximum standing crop was: 
Fresh matter Dry matter 
Total 2000–4000 kg 600–1200 kg 
Perennials 800–1700 kg 350–700 kg 
Annuals 1200–2300 kg 250–500 kg 
During the 1977-79 period range production was estimated to be around 200 FU/ha/yr, i.e. a 
carrying capacity of one head of sheep for 1.5 ha or one sheep unit for two hectares. 
The main range species (Le Houérou 1965,1974, Ginzburger et al, 1976), were as follows: 
1) Perennial grasses: Stipagrostis pungens (deep coarse sand), Stipagrostis plumosa (sandy 
soils), Hypparhenia hirta, (shallow soils, rocky outcrops), Stipa parviflora (shallow soils). 
2) Tall shrubs 50-2.50 cm: Lygos raetam, Genista saharae 
3) Dwarf shrubs 20-60 cm: 1 Artemisia campestris subsp. glutinosa, 2 Ononis 
natrix subsp. falcata Echochilon fruticosum, Rhantherzum suaveolens, Gymnocarpos decander 
(shallow soils), Atractylis serratuloides (shallow soils), Argyrolobium uniflorum, helianthemum 
lippii var. sessiliorum, H. kahiricum (shallow soils), Polygonum equisetiforme, Salsola 
vermiculata var. brevifolia, Teucrium polium, Nolletia chrysocomoides 
4) Perennial herbs (forbs), Lotus creticus, Plantago albicans, Salvia 
verbenaca subsp. clandestina, Rumex tingitanusvar. lacerus, Anthyllis vuneraria, Eremobium 
aegptiacum, Launaea resedifolia 
5) Annuals: 
(a) Grasses: Cutandia dichotoma, Schirmus barbatus subsp. calycinus, Stipa capensis, Bromus 
rubens subsp. fasciculatus Koeleria pubescens subsp. salzmanni. 
(b) Legumes:   
Medicago truncatula, Medicago laciniata, Medicago litoralis, Hedysarum spinosissimum, Lotus 
pusillus, Hippocrepis bicontorta, Ononis serrata 
(c) Cruciferae:   
Eruca uncata subsp. aegyceras, Matthiola longipetala, subsp. kralickii, Diplotaxis harra, 
Brassica tournefortii, Didesmus bipinnatus 
(d) Others: Plantago psyllium, Erodium triangulare subsp. laciniatum, Salvia aegyptiaca, Silene 
colorata, Anacyclus cyrtolepidioides, Anthems pedunculata, Neurada procumbens, Reseda 
arabica. 
1 It should be noted that the experimental site is at the drier end of the range type mentioned 
which is found further north under annual rainfalls of 250–350 mm. The experimental site is 
actually an ecotone between the Artemisia campestris-Ononis falcata association (1 sheep/ha) 
and the Rhanterium suaveolens-Stipa lagascae association (one sheep/2-3 ha.). 
Table 2. Average temperatures in °C in Azizia (59 years) some 20 km N–E of the experiment 
site are as follows: 
Month Mean Mean 
Max 
Mean 
Min 
Extra. 
Max 
Extra. 
Min 
Jan. 11.6 17.8   5.5 30.6 -3.2 
Feb. 13.0 20.0   5.5 35.3 –2.7 
March 15.4 22.8   8.1 44.5 -0.8 
April 18.9 27.0 11.4 48.3 1.0 
May 22.6 30.7 14.8 49.5 3.0 
June 26.3 35.1 18.5 51.9 8.3 
Jul. 27.7 36.6 19.7 51.0 8.2 
Aug. 28.1 36.9 19.8 56.0 7.6 
Sept. 26.5 34.8 18.9 58.0a 10.8 
Oct. 22.5 29.6 15.5 49.0 5.5 
Nov. 17.6 24.3 10.7 37.8 1.3 
Dec. 13.1 18.8   6.6 32.4 3.0 
a highest temperature ever officially recorded on earth under standard conditions (3 Sept. 1922). 
Supplementation started 1 October 1978 and ended 18 December 1978. It consisted of 58 kg 
per day of barley grain (i.e. 58/92 = 0.63 kg/day 1 per Ovine Unit equivalent to 58/122 = 0.475 
kg per head of stock) and Acacia cyanophylla lopped branches ad libitum. The Acacia branches 
were lopped, air-dried for 24 h, and handfed in the pen 24 h after having been harvested. The 
amounts ofAcacia fresh and dry wood and leaves (phyllods) offered and refused were weighed; 
the difference was considered as consumed. Acacia was offered twice daily at noon and in the 
early evening, when animals were returning from grazing and before resting. Preliminary trials 
had showed that Acacia was best accepted after 24 h of air-drying than when offered fresh. 
3. Results 
The consumption of Acacia is shown in tables 3 and 4 
Acacia cyanophylla consumption remained remarkably stable during the whole period: 3.26 kg 
(24h air-dried) per O.U–1 day–1 or 1.760 kg Dm O.U–1 day–1. This is remarkably high: 3.2 kg/DM 
per 100 kg of body weight (one ovine unit in the present case = 54 kg). The feed value has been 
conservatively estimated at 0.30 FU per kg of DM based on the following assumptions: 
Apparent digestibility of organic matter: 51% 
Net energy value/kg DM according to Breirem's predictive equation: 
NE = 2.36 DOM – 1.2 (OM – DOM) 
                      1 650 
Where NE = Net Energy in F.U. per kg–1 DM, DOM = Digestible organic matter, OM = Organic 
matter. 
We have thus an energy value of 0.31 FU per kg/DM (El Hamrouni and Sarson, 1974). 
It is worth noting that consumption of Atriplex nummularia in similar conditions was found to be 
50 to 75% of that figure in Tunisia (Franclet and Le Houérou, 1971). 
Table 3. Acacia consumption 
Month Acacia branches 
and leaves 
Water 
loss 
Leaf 
consumption 
Left-over 
branches (wood) 
  Fresh 24h dried % Kg % Kg % 
October  9 265  8 495 8.4 3 893 45.8   4 602 54.2 
November  9 000  8 230 8.6 3 677 44.7   4 553 55.3 
December  5 400  4 895 9.4 2 314 47.3   2 581 52.7 
Total 23 665 21620 8.7 9 884 45.7 11736 54.3 
Table 4. Analysis of consumption of acacia 
Month Total consumption Daily cons. Daily cons. per ovine unit 
  Fresh kg DM FU Fresh kg FU Fresh kg FU DM 
October  9265  5067 1520 298 49.0 3.24 0.53 1.750 
November  9000  4923 1480 300 49.3 3.26 0.54 1.760 
December  5400  2953   880 300 48.9 3.26 053 1.760 
Total/averages 23.665 12943 3880 300 49.1 3.26 0.53 1.760 
4. Discussion 
The demonstration sheep farm (experimental area) sustained an average 84 ovine units over 
118 ha over the whole year 1978. The carrying capacity of the range with supplementary 
feeding was 1.4 ha per O.U.; it would have been 2 ha per O.U. without supplementary feeding. 
Range production consumed was 200 FU per ha, i.e. ~ feed unit or 3 kg DM for each mm of rain 
actually fallen and per ha or range. 
The amount of consumable biomass left on the range at the end of the summer (Sept–Oct) was 
not measured but was very small by visual estimation and supplementary feeding was deemed 
necessary. The contribution of range production to the total feed requirement of the ewes was 
70%. The supplementation feeding was thus 30% of which 0.5 kg of barley grain per day at the 
flushing period for 30 days in June and 20 days in September (not taken into account in the 
present report). The total grain supplementation was thus 70 kg per O.U. for a total of 129 days, 
instead of the 50 kg planned. The highest bodyweight of ewes was attained in May at the end of 
the peak of range production, without supplementary feeding. The total lamb liveweight 
produced from 84 O.U. was 2112 kg or 18.0 kg per ha of range at weaning time. The number of 
lambs weaned was 88 at 90 days with an average weight of 24 kg. The final weight of lambs at 
6 months was 36.4 kg (no supplementary feeding). Including 17 culled ewes total liveweight 
production' of 26.9 kg per ha when lambs were sold at 6 months, which is a normal practice in 
the country. 
Supplementation with Acacia cyanophylla showed a fairly constant consumption of 3.26 kg fresh 
weight (24 air-dried) or 1.760 kg DM per O.U. and per day i.e. approximately 3.25 kg DM per 
100 kg of liveweight, which is higher than most figures in the literature when browse 
consumption is concerned. The amount of Acacia cyanophylla consumed corresponded to 
almost 12% of the feed requirement of the livestock and to most of their protein requirements for 
the months of October, November and December when needs are high (end of pregnancy, 
lambing and lactation) and when green forage on the range is scarce or absent. 
Acacia cyanophylla, consumed at a rate of 1.760 kg DM per day, having a crude protein content 
of 12.8%, thus brings an average 225 g crude protein per ovine unit and per day, or about 175 g 
digestible protein (using Demarquilly and Weiss' regression where DP = 0.929 CP – 35.2). This 
corresponds to the dietary needs of a ovine unit weighing 54 kg with a growth rate of 0.250 kg 
per day which is about the case in the experiment. As the animals also received 0.5 kg of barley 
grain bringing an additional daily ration of 43 gr of digestible protein the total amount of 
digestible protein in the ration was approximately 218 gr per O.U. which suffices to account for 
all needs: pregnancy, growth, lactation, at a period where digestible protein in range forages is 
close to zero. 
Table 5. Contribution of various feed resources to the flock diet during the experiment. 
Month Aug. Sept. Oct. Nov. Dec. Total year % 
Number of O.U.    92    92     92    92     92      85 – 
Feed requirements, F.U. 2675 2835 3130 3485 3895 33560 100 
Barley grain, F.U. –   860 1000 1650   900   4410   13.1b 
Acacia cyanophylla, FU – – 1520 1480   880   3880   11.6 
Range production, FU 2675 1975   610   355 2115 22270   70.0 
Average weight of ewes, kg   47.9    47.4 46.8   44.4a   39.1a    45.8 – 
a Lambing period 
b 17.6% and 5910 kg when counting 1500 kg of barley provided at flushing period in June. 
Table 6. Sheep performance 
Item 1977/78 1978/79 
No of ovine units     84 
Conception rate, %   95.0   97.6 
Lambing, % 103.3 106.0 
Twinning, %   8.7     8.5 
Lamb sex ratio M/F 38/24 54/46 
Abortion % Nil     1.2 
Average birth weight kg   3.8     4.13 
Lamb mortality, % Nil Nil 
Ewe mortality, %   5.0     2.38 
Ewe culling, %   8.3   21.43 
Additional qualitative trials with Acacia salicina Lindl. and A. ligulata A. Cunn. ex Benth, showed 
that the former is very readily consumed by small stock, at least as well as A. 
cyanophylla, while A. ligulata was accepted with some reluctance, at least for the first few days. 
This fact is in contradiction with a tenacious legend of unpalatability of A. ligulata based on an 
ill-conceived experiment in Tunisia a few years ago. This, in itself is an encouraging fact as 
those two species are far more drought resistant than A. cyanophylla. 
5. Summary 
A flock of 84 breeding ewes, 20 yearlings, 5 rams, 10 breeding goats, 1 buck and 5 kids herded 
on a fenced, 4-paddock rangeland at a stocking rate of 1.4 ha per ovine unit, near Aziza (200 
mm) in Libya, was pen supplemented for 79 days from 1 October to 18 December 1978 with 0.5 
kg of barley grain and Acacia cyanophylla ad libitum. 
The consumption of Acacia cyanophylla phyllodes was constant throughout the feeding period: 
3.26 kg fresh (24 h air dried) or 1.760 kg DM per day per ovine unit or 3.2 kg DM per 100 kg of 
liveweight. This supplementation was enough to meet the maintenance energy needs, but not 
the production requirements which were met with an extra daily 0.5 kg of barley grain. 
The Acacia consumption was enough, however, to meet the protein requirements. Animal 
performance was excellent (106% lambing,106% weaning, daily growth at 90 days 0.226 kg (24 
kg) and 0.180 kg (36.4 kg) at 180 days). 
Table 7. Lamb performance (M + F) 
    30 days 60 days 90 days 
Year 1977/78 Birth Weight Weight kg Growth 
kg/d 
Weight kg Growth 
kg/d 
Weight kg Growth 
kg/d 
Male 3.86 11.71 0.261 18.39 0.242 24.67 0.231 
Females 3.68 11.41 0.258 17.54 0.231 23.10 0.216 
Average 3.79 11.59 0.260 18.05 0.238 24.05 0.225 
Year 1978/79 
Male 4.07 15.21 0.371 18.65 0.243 25.63 0.239 
Females 4.06 11.19 0.238 17.41 0.222 23.35 0.214 
Average 4.07 13.20 0.304 18.03 0.232 24.49 0.226 
 
  
Table 8. Ewes' weight, 1978) 
J F M A M J J A S O N D Year 
40.6 41.4 44.3 46.6 51.7 49.3 50.3 47.9 47.4 46.8 44.4a 39.0a 45.8 
a Lambing period 
Table 9. Chemical composition of Acacia cyanophylla (average of 3 analyses on 3 different 
sites in Sept /Oct 1978 
DM C. Prot. C. Fibre C. Fat Ash NEF 
52.9 12.8 22.7 7.3 10.3 46.7 
List of species cited 
Acacia aneura F. Muell. ex Benth. 
Acacia cyanophylla Lindl 
A. ligulata A. Cunn. ex Benth. 
A. salicina Lindl. 
A. victoriae Benth. 
Anacyclus cyrtolepidioides Pomel 
Anthemis pedunculata Desf. 
Anthyllis vulneraria L. 
Argyrolobium uniflorum (D.C.) J. et S. 
Artemisia campestris L. subsp. glutinosa (J. Gay) Batt. 
Atractylis serratuloides Sieb. 
A triplex canescens (Pursh.) Nutt. 
A. halimus L. 
A. lentiformis S. Watts 
A. nummularia Lindl. 
Brassica tournefortii Gouan 
Bromus rubens L. subsp. fasciculatus (Presl.) Trab. 
Calligonum arich Le Houérou 
C. azel Maire 
C. comosum L'Hérit 
Cassia sturtii R. Br. 
(= C. nemophila a. Cunn ex Vogel var. codacea (Benth.) Symon = C. eremophila A. Cunn. ex 
Vogel) 
Colutea arborescens L. 
Cutandia dichotoma (Forsk.) Trab. 
Didesmus bipinnatus (Desf.) D.C. 
Diplotaxis harra (Forsk.) Boiss. 
D. simplex (Viv.) Spreng. 
Echiochilon fruticosum Desf. 
Eremobium aegyptiacum (Spreng.) Hochr. 
Erodium triangulare (Forsk.) Musch. var. laciniatum (Cav.) M. 
Erucaria uncata (Boiss.) Asch. et Schw. subsp. aeuceras (T. Gay) M. et Weill. 
Eucalyptus albens Benth. 
Genista saharae Coss. et Durieu 
Gymnocarpos decander Forsk. 
Hedysarum spinosissimum L. 
Helianthemum kahiricum Del. 
Helianthemum lippii (L.) Pers. var. sessiflorum (Desf) Murb. 
Hippocrepis bicontorta Lois. 
Hypparrhenia hirta (L.) Stapf 
Koeleria pubescens (Lamk) P. de B. subsp. salzmanni (Boiss. et Reut.) Trab. 
Launaea residifolia (L.) O. Kuntze 
Lotus creticus L. 
L. pusillus Medik 
Lygos raetam (Forsk.) Heywood 
Medicago arborea L. 
M. laciniata (L.) Mill. 
M. litoralis Rhode 
M. truncatula Gaertn. 
Matthiola longipetala (Vent.) D.C. subsp. kralickii (Pomel) M. 
Neurada procumbens L. 
Nolletia chrysocomoides (Desf.) Cass. 
Ononis natrix L. subsp. falcata (Viv.) Murb. 
O. serrata. Forsk. 
Opuntia ficus-indica (L.) Mill. var. inermis Weber 
Periploca laevigata Aiton 
Plantago albicans L. 
P. psyllium L. 
Polygonum equisetiforme L. 
Reseda arabica Boiss. 
Rhantherium suaveolens Desf. 
Rumex tingitanus L. var. lacerus Ball 
Salvia aegyptiaca L. 
S. verbenaca L. subsp. clandestina (L.) Pugsl. 
Schismus barbatus (L.) Thell. subsp. calycinus (L.) M. et Weill. 
Silene colorata Poir. 
Stipa capensis Thunb. (= S. rerorta Cav. = S. tortilis Desf.) 
S. lagascae Roem. et Sch. 
S. parviflora Desf. 
Stipagrostis plumosa (L.) Munro ex Anders. 
S. pungens (Desf.) De Winter 
Salsola vermiculata L. var. brevifolia (Desf.) M. et Weill. 
Teucrium polium L. 
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 VI. Establishment, utilization and management 
The role of browse in the management of natural grazing 
lands*1 
H.N. Le Houérou 
1 Presented upon invitation as position paper, item no. 10,8 the world Forest Congress, Jakarta, 
Indonesia 16–28 Oct. 1978. Original: English. 
1. Introduction 
Natural grazing lands occupy some 30 million km2 (3 billion ha) (FAO Production Yearbooks) i.e. 
22% of the world's land surface, whereas forest and woodland represent 40 million km2, almost 
30% of the surface of the earth. Probably over 50% of the forests and woodlands are also, to a 
greater or lesser extent, used by livestock and wild herbivores, so that at least one third of the 
world's land surface may be considered as natural grazing grounds. 
The role of browse in natural grazing lands varies in importance according to ecological zones. 
Under temperate climates and in the humid tropics, browse is of limited use in animal 
production; however in the Mediterranean isoclimatic zone, the arid and semi-arid tropics and in 
montane areas, browse plays an essential role in animal production and thus greatly contributes 
to the protein supply of mankind. 
In Africa, for instance, over 250 million head of domestic animals live in arid, semi-arid and 
montane zones, where browse is an important qualitative component in livestock diets, as we 
shall see further on. 
It has been estimated that, in the Mediterranean basin, over 50% of the total income from forest 
and woodland maybe ascribed to animal production. Browse is also very important in large 
tracts of rangeland in North and Latin America and huge areas in Australia (top feed). The 
importance of browse was recognized early in history through what the Roman agronomists 
used to call their "aerial pastures". 
However, not all ligneous species are useful as livestock feed and many are considered as 
pests, particularly in the tropical savanna is, where competition from woody species, reduces 
the production of grasslands. Various techniques of bush clearance have been developed in 
order to control the encroachment of undesirable woody species on grassland. 
The present paper is not concerned with the latter aspect, but rather with those woody species 
which are considered desirable for livestock production and which are generally known as 
browse. 
2. Importance of fodder shrubs and trees in various ecological zones 
2.1 The Mediterranean basin 
In the Mediterranean basin browsed vegetation i.e. depleted forests, garrigue, matorral and 
maquis, cover some 60 million ha and contribute substantially to the feeding of some 30 million 
head of cattle, 60 million sheep and 30 million goats. 
The woody steppes of North Africa and the Near East cover huge areas, in the order of 120 
million ha, from which 5 million head of cattle, 60 million sheep, 30 million goats and 2.2 million 
camels derive their subsistence. 
This livestock population is the basic source of protein (meat and milk) for over 180 million 
people in North Africa and the Near East, although imports of animal products in this region are 
also significant, especially in oil-rich countries. 
In the non-arid Mediterranean zone the main browse species are shrubs and trees, such as 
oaks (Quercus ilex, Q. suber, Q. coccifera, Q. calliprinos) olives 
(Olivus europea), Carob (Ceratania siliqua, Phillyrea, Erica, Cytisus, Pistacia, Arbutus) and 
many others. In the arid steppes many dwarf shrubs constitute the bulk of animal feed, such 
as Artemisia herba alba, Calligonum, Echiochilon, Helianthemum, Atriplex, Gymnocarpos, 
Argyrolobium, etc. 
Productivity of browse in the humid and sub-humid zones is of the order of 1000 kg DM/ha per 
year, i. e. a carrying capacity of 1 sheep or 1.2 goat per ha/year (Long et al, 1967). In the semi-
arid zone, productivity is of about half that figure and the carrying capacity is equivalent to 25 kg 
on the hoof and 30 kg of milk per ha (Liacos and Mouloupoulos,1967). In many cases 
productivity could be considerably increased (two to five fold) through various techniques (Long 
et al, ibid, Liacos and Mouloupoulos, ibid, Etienne, 1976, Papanastasis, 1977). The feed value 
of browse is low to intermediate in terms of energy (30 to 55% of digestible organic matter or 
0.25 to 0.40 Scandinavian feed units per kg of DM) but usually high in DP (10 to 20% in the DM 
content) according to Sarson and Salmon (1978). 
In the arid Mediterranean woody steppe, net primary consumable production is about 300–600 
kg of DM/ha per year (Le Houérou and Hoste, 1977). Similarity, the energy value of browse is 
rather low, 0.3 to 0.4 FU per kg of DM but, again, this feed is rather high in DP, at 4 to 20% in 
the DM (Sarson and Hamrouni, 1974). 
Compared to cultivated fodder crops and artificial pastures, such productivity per unit area may 
seem mediocre; however, given the enormous areas concerned, the contribution of browse to 
animal production is extremely important especially with regard to the protein component of 
livestock diets. 
2.2 The dry tropics of sub-Saharan Africa 
In the savannas in the arid, semi-arid sub-humid zones, ligneous species are an important 
component. Many of them are browsed or lopped as dry-season feed. Ligneous species also 
have an important effect on the quality, seasonality and productivity of the grass cover growing 
beneath their shade. 
Some species, such as Acacia albida, play a determining role in agro-pastoral ecosystems, not 
only through their feed value but also in the maintenance of soil fertility in these systems 
(Charreau and Vidal, 1965; Giffard, 1972; Wickens, 1969). The main browse species found are 
the following: 
Acacia: A. albida, A. Senegal, A. seyal, A. mellifera, A. etbaica, A. bussei, A. ehrenbergiana, A. 
laeta, A. tortilis, A. flava, A. giraffae, A. sieberiana etc. (Many of these species are widespread 
through the arid and semi-arid tropics of West, eastern and southern Africa). Both leaves and 
pods are used by various kinds of livestock and wild herbivores. 
Many legume species are of great importance as browse, such as Buhinia rufescens, Entada 
africana, Pterocarpus lucens, Albizzia amara, Dichrostachys cinerea, Prosopis africana, 
Tamarindus indica and Dalbergia melanoxylon. 
The Capparidaceae family possesses several excellent browse species Maerua crassifolia, M. 
angolensis, Cadabafarinosa, C. glandulosa, Boscia minimifolia, B. albitrunca, B. angustifolia, B. 
senegalensis and Capparis decidua. 
Other important families are the Combretaceae (Combretum aculeatum, Anogeissus leiocarpus, 
Terminalia brownii), the Tiliaceae (Grewia tenax, G. bicolor, G. Yillosa), the 
Sterculiaceae (Sterculia setigera), the Rhamnaceae (Ziziphus mauritiana), the 
Anacardiaceae (Sclerocarya birrea, Lannea acida), the Rubiaceae (Mitragyna inermis, Feretia 
apodanthera), the Zygophyllacea (Balanites aegyptiaca, B. glabra, B. rotundifolia) and the 
Salvadoraceae (Salvadora persica). 
Productivity of browse is not well known and very difficult to measure accurately. It may 
however be stated that it is closely related to rainfall and ecological zone, and varies from 100 
kg to 1000 kg of edible DM/ha per year. The feed value of leaves, in terms of energy, is usually 
medium to low: 0.25 to 0.40 FU per kg of DM, i.e. 400 to 700 Kcal per kg of DM. Digestible 
protein is usually high, normally above 4%, often above 10%, and may sometimes reach up to 
30%, especially in the Capparidaceae. 
Fruits, especially pods of legume species, are high in metabolizable energy (1000 to 2000 Kcal 
per kg of DM) and contain 10 to 20% of DP in the DM. 
The carotene content of browse is fair to high during the dry season when dried-out grasses 
have virtually none. Phosphorus, usually in scarce supply in tropical feeds, is relatively high in 
browse (1.5 to 2.5 g/ha of DM). 
In comparing feed value of dried-out grasses and browse during the dry season, we obtain the 
figures shown in Table 1 
  
Table 1. Feed value of dried grass and browse during the dry season 
  Net energy 
Kcal/kg DM 
Digest. 
Protein g/kg 
DM 
P g/kg DM Ca g 
kg/DM 
Caroter 
mg/kg 
Dry grass straw 
Browse 
600–800 /1 /1 1.5–3.0 /1 
400–700 56–300 1.5–2.5 2.5–20.0 50–800 
Maintenance 
needs 
700 50 1.3 2.5 1.5 
This table shows that ruminants cannot meet their maintenance needs on dry grass alone. 
Since in the dry tropics the dry season lasts 6 to 9 months and there is usually no 
supplementary feeding, livestock and wildlife often depend entirely on browse to balance their 
diet in protein, phosphorus, calcium and vitamin A during this season. This has been shown by 
various experiments using herds feeding either on dry grasses or on dry grass and browse 
(Granier, 1976) and also using fistulated animals. 
Using cattle with rumen fistulas, Blancou et al (1977) have shown in Senegal that browse 
represents an average of 25% of cattle diet during the dry season. This proportion grows as the 
dry season continues, from 5% at the beginning to 45% at the end. This result was obtained 
with cattle; one may expect the proportion of browse to be still greater with sheep and especially 
with goats and camels. 
In northern Nigeria it was found that nomadic Fulani cattle spent 5% of their feeding time on 
browse during the rainy season and 15 to 20% during the dry season (De Leeuw, 1975). 
Many pastoral groups in the arid and semi-arid tropics habitually lop branches from various 
forage species (Acacia seyal, in particular) to made the forage accessible to livestock during the 
dry season. This shows clearly that browse is perceived as a necessity by traditional herders. 
2.3 In northern America 
In the United States the area of shrub-dominated ecosystems is over 120 million ha (Forest 
Range Task Force, 1972); the total acreage of woody grazing land is in the vicinity of 320 million 
ha, most of them west of the Mississippi river (Plummer, 1972). The bulk of woody rangelands is 
made up as follows (after Plummer, 1972): 
Southern desert shrubland                                                  144 million ha 
Sagebrush/Atriplex, Great Basin                                           98 million ha 
Juniper/pinyon woodland                                                        30 million ha 
Salt desert shrub land                                                            28 million ha 
Chaparral                                                                               12 million ha 
In the great Basin, in the Shad scale/Sage brush complex (Atriplex confertifolia/ Artemisia 
tridentata) during winter time, shrubs make up 50 to 70% of the forage available and contribute 
70% of the diet of sheep and 40% of the diet of cattle (Cook and Harris, 1968, in McKell and 
Malechek, 1978); the browse component is still higher for wildlife such as mule, deer, elk and 
pronghorn antelope, where it varies from 48 to 98% during the winter season (McKell and 
Malechek, 1978). 
Protein, phosphorus and carotene content in browse is usually above the maintenance dietary 
need of livestock, whereas these nutrients are always well below maintenance requirements in 
dry grass (McKell and Melachek,1978); a fact also documented in the Mediterranean Basin and 
in tropical Africa, as already seen. However, dry grasses are usually higher in energy than 
browse, a tendency also observed in other parts of the world. Therefore, a balanced diet for 
cattle and sheep is composed of grasses (which bring the energy) and browse, which 
complements the diet in protein, phosphorus and carotene. 
Important browse species in the Great Basin are (McGinnies, 1972): 
Big sagebrush (Artemisia tridentata), Black sage (Artemisia nova), Little 
Rabbitbrush (Chrysothamnus stenophyllus), Big Rabbit brush (Chrysothamnus nauseus), Bitter 
brush (Purshia tridentata),Four wing Saltbrush (Atriplex canascens), Shad-scale (Atriplex 
confertifolia), Nuttal saltbrush (Atriplex nutallii), Winter fat (Eurotia 
lanata), Greasewood (Sarcobatus vermiculatus). 
In the chaparral zone of western USA, the main shrub species are: 
Scrub (Quercus dumosa), Leather oak (Quercus durata), Gambel oak (Quercus gambeli), Wavy 
leaf oak (Quercus undulata) Chamise (Adenostema fasciculatum), Manzanitas (Arctostaphlos 
sp. pl. (9 species), Buck brush (Ceanotus sp. pl. (10 species), Mountain 
mahogany (Cercocarpus sp. pl.), Service berry (Amelanchier sp. pl.), Locust (Robinia 
neomexicana, Rhus sp. pl., Prunus sp. pl.),Strawberry tree (Arbutus californica). 
The southern desert shrub ecosystems are often dominated by unpalatable species, such as: 
Creosote bush (Larrea tridentata), Opuntia sp. pl. (O. fulgida, O. spinosior; O. 
engelmani etc) Flourensia cernua, Carnegeia gigantea, Fouquiera splendens. However, 
palatable shrubs may be locally an important component in livestock diets. These are: 
Four wing saltbush (Atriplex canescens), Mesquite (Prosopis juliflora) Spineless cacti (Opuntia 
ficus-indica, Opuntia robusta), Cercidium sp. pl. Acacia greggii and others. 
2.4 In Latin America 
Shrub-dominated ecosystems used as grazing lands cover huge areas. For instance the 
Cerrado and Caatinga of central-eastern and north-eastern Brazil, the coastal deserts and sub-
deserts of Peru and Chile, the Chaco of Argentina, Paraguay and Bolivia, the Monte of 
Argentina, the Andean Puna of Peru, Bolivia, Chile and Argentina. As in other parts of the world, 
browse is mainly used by livestock outside the growing season when the weather is too cold or 
too dry (Soriano, 1972; Gasto'y Contreras, 1972). 
Among the important browse species are: 
Acacia sp. pl., Prosopis sp. pl., Cercidium sp. pl., Capparis sp. pl., Adesmia, Caesalpinia ferrea, 
Cassia excelia, Ziziphus jozeiro, Piptadenis sp., Lycium sp. pl., Chenopodim peniculatum, 
Atriplex coquimbana, Atriplex atacamensis, A. repanda, A. sagittifolium, Maytenus sp. pl., 
Grabowskia, Achatocarpus, Opuntia sp. pl., Pithecellobium dulcis, Lauhinia Cheilantha. 
2.5 In Australia 
The arid zone represents some 70% of the surface of the continent. About one third of the 
continent receives less than 250 mm of rainfall and is only used for extensive grazing. Browse 
or "top feed", as it is locally called, is an important component in extensive grazing systems and 
some 200 species of woody plants have been reported to be browsed by livestock (Everist, 
1972), although only 40 of them are widespread throughout the continent and play a major role 
in the livestock industry. The browse ecosystems cover some 2.5 million km2 or 30% of 
Australia's land surface. 
Some of the Australian browse species have been introduced to other continents and are 
artificially planted as forage, especially several species of Acacia, 
Atriplex and Maireana or Kochia. 
The main grazing land ecosystems where top feed plays a major role are those dominated by 
the Mulga (Acacia aneura), which is the most important edible woody species in Australia and 
covers 1.5 million km2 or 20% of the continent (Everist, 1972). The Atriplex-Kochia communities 
on the saline soils of southern Australia occupy 0.2 million km2; the mixed gum 
trees (Eucalyptus) and Atriplex-Kochia communities of the Mallee cover 0.15 million km2. The 
mixed woodland communities of Eucalyptus/Acacia, with various browse species (Acacia, 
Cassia, Brachychiton, Rhagodia, Eromophila, Atalaya hemiglauca, ventilago viminalis etc), 
cover some 0.544 million km2. 
Many studies on the digestibility and nutritive value of "top feed" have been carried out in 
Australia. In vivo as well as in vitro digestibility of five browse species from New South Wales 
may vary from 35 to 56% (Wilson, 1974). These figures are in agreement with those of Sarson 
and Salmon (1978) in North Africa. Protein content remains above the critical level even during 
drought periods, while the CP content in leaves (or phyllodes) and twigs virtually never drops 
below 6% and is often more than twice that much. 
2.6 Selection of browse by herbivores 
Selection of browse by herbivores depends on many factors; among them the feeding 
preferences of a given species of animal. Some species are primarily grazers while others are 
mainly browsers. Some are very strict concerning their diets others are more flexible or 
versatile. 
Cattle, buffaloes, sheep, equines, wildebeest, most antelopes, gazelles, white rhino and hippo 
are mainly grazers but, as we have seen, especially in dry or cold seasons, grazers become 
browsers as well in order to balance their diet (Pratt and Gwynne, 1977). 
Other species, such as goats, camels, eland, impala, kudu, elephant, giraffe, black rhino, deer, 
elk and many antelopes, are browsers to a large extent and can ensure normal growth on a 
pure browse diet. 
It has been shown for instance that high-performance goats producing 1000 kg of milk in 300 
days can still consume up to 30% of their diet in browse (Blanchemain, 1964). The same 
applies to camels; a female camel feeding entirely on browse may produce up to 3-6 kg milk per 
day, as opposed to 10-13 kg when feeding on fodder crops (Knoess, 1977). 
This phenomenon has been clearly and satisfactorily explained by Sarson and Salmon (1978), 
in the following table showing the needs and quantitative intake potential per 100 kg of 
liveweight of cattle, sheep and goats (see Table 2). 
Table 2. Needs and quantitative intake potential of cattle, sheep and goats 
Maintenance needs 
F.U. 
Cattle Sheep Goats 
1.9 1.33 1.13 
Quantity of DM 
ingestible (kg) 
2.9 3.8 6.0a 
Upper limit ratio 
F.U./kg DM 
0.65 0.35 0.19 
a According to French (1970) goats can ingest up to 8% of their body weight in DM daily, 
whereas cattle can hardly take 3%. 
As the nutritional value of browse varies from 0.25 to 0.40 FU per kg of DM, browse alone 
cannot ensure the maintenance requirements of cattle (0.65 FU/kg of DM). Browse can ensure 
maintenance of sheep (0.35 FU/kg of DM), but does not allow production. In goats, however, 
maintenance and production can be assured on a pure browse diet (0.19 FU/kg of DM). This 
explains why only goats, camels and some wild herbivores can survive on the depleted 
rangelands often found in arid zones, where browse constitutes most of the feed. This is also 
why goats and camels are less affected by catastrophic droughts than sheep and cattle. 
2.7 Management of browse ecosystems 
Sound management of ligneous rangeland, especially in arid zones or in cold winter areas, 
requires optimum balance between grazing and browsing. Since neither grazing nor browsing 
alone can ensure year-long productivity of sheep and cattle under these conditions, the 
optimum number of fodder shrubs and trees should be kept such that a state of equilibrium is 
maintained. 
Too many trees and shrubs often decrease the productivity of the grass layer. Conversely, the 
elimination of browse species leaves livestock extremely vulnerable to prolonged droughts and 
with an unbalanced diet during the dry or cold season, unless expensive supplementary feeding 
is provided. 
The art of management thus consists in maintaining a desirable equilibrium whereby browse 
provides 20 to 30% of the livestock diet during the dry season, i.e. 20 to 30% of the herbage 
production. Desirable density and ground cover depend on many factors: climatic, edaphic and 
topographic conditions, and the specific size and shape of the desired ligneous species. 
For Atriplex repanda in central Chile the optimum density/productivity ratio is 4000 shrubs per 
hectare, with an average rainfall of 300 mm (Gasto, 1978). In Tunisia, with Atriplex 
nummularia and rainfall of 200–399 mm, the optimum number is 2000 shrubs per hectare. In 
West Africa a density of 25–50 trees per hectare is considered an optimum in the Acacia 
albida millet systems, with a canopy cover of 30–60%. In the arid to sub humid savannas of 
West Africa a density of 100 to 400 trees and shrubs per hectare, depending on average 
precipitation, is considered an optimum from the range management point of view (Bille, 1978). 
It should be added that grass production in the arid zone is often much higher, of better quality, 
and lasts longer under the shade of fodder trees. This is the case in the Sahel region of West 
Africa, where productivity of Pennisetum pedicellatum in the shade is about double that on open 
ground, and the grass under the trees dries out 3 to 6 weeks later. Photosynthetic efficiency is 
1.4% under shade and 0.3% in the open in the arid zone of Senegal (Bille, 1978). The same has 
been observed with Panicum maximum (Pratchett, pers. comm.) in Botswana, where potential 
evapotranspiration is reduced by 50–70% in the shade and the grass remains green 6 weeks 
longer at the beginning of the dry season. 
However, in some instances, especially where ligneous species are 
unpalatable (Eucalyptus or Melaleuca in Australia, for instance), the removal of woody 
vegetation may increase herbage yields tremendously. This has been documented in the USA, 
for instance in the Californian Chaparral, as well as in the Mediterranean basin (Etienne, 1976). 
3. Plantation of fodder shrubs and trees as fodder reserves 
A number of fodder shrubs and trees have been used for centuries, often for other purposes; 
such is the case of the cacti Opuntia spp. primarily cultivated for their fruits for centuries, but as 
a fodder crop only since the beginning of the present century. Mulberry trees (Morus albs) have 
been cultivated from time immemorial both for their fruit and as feed for silkworms, while 
the Vitis vinifera has also been used for centuries as fodder only in periods of scarcity. The 
same applies to the olive species and the carob. 
For some 60-80 years, with the improvement in reaforestation techniques, a number of wild land 
species have become domesticated and cultivated for their fodder value, due to the fact that 
they remain green in spite of long periods of drought, because of their ability to use layers of 
moisture in the soil or ground water at depths which are inaccessible to conventional fodder 
crops. They are also valued for their ability to grow on shallow or stony soils, or on steep slopes 
where conventional fodder species cannot be established, and for their adaptation to arid 
conditions where conventional forage species cannot survive. 
In arid and semi-arid zones almost all over the world rangelands are being rapidly depleted 
(FAO, EMASAR conference, 1974. UNCOD, desertification conference, 1977). Cultivation is 
also expanding at the expense of rangelands in many parts of the world. Moreover, irrigated 
fodder crops are very rarely available since water is expensive and animal production cannot, in 
most cases, compete economically with cash crops, vegetables and industrial crops, dairy 
production in the vicinity of urban areas is an exception, however livestock production in the arid 
and semi-arid zones (which probably contain about 50% of the world's livestock population) is 
consequently becoming an increasingly difficult and unproductive occupation. 
One of the remedies to this situation is to grow drought resistant fodder shrubs and trees under 
rained conditions. Such ligneous fodder crops occupy large areas, probably over several million 
hectares in the world today, are increasing rapidly in countries like the USSR, Iran, South Africa, 
Syria, Brazil and those of North Africa. 
The main species which are at present cultivated on a large scale are the following: 
Spineless cactuses (Opuntia sp. pl.), Salt bushes (Atriplex sp. pl.), Acacias (Acacia sp. pl.) 
Leucaena (Leucaena Leucocephala), Mesquites (Prosopis, sp. pl.), Honey locust, (Gleiditschia 
triacanthos),Carob (Ceratonia siliqua), Olive (Oleae europaea), Calligonum (Calligonum sp.), 
Saxaouls (Haloxylon persicum), (Haloxylon aphyllum), Salsola (Salsola sp. pl.), Sage 
brush (Artemisia sp. pl.), Mulberry (Morns albs). 
3.1 Spineless cacti 
Spineless cacti have been cultivated as fodder crops in the southern states of the USA, Texas, 
New Mexico, Arizona, California, since the end of the last century (Griffiths, 1906, 1907, 1908, 
Hare and Griffiths, 1907, Hare 1908). The main varieties cultivated were the spineless forms 
of O. ellisiana, O. ficus and O. inermis. Forage yields were 25 to 130 tons of green fodder/ha 
per year, according to Griffiths. 
In Mexico, wild land cacti, most of them spiny and including, O. streptacantha, O. leucothicha, 
O. chrysacantha, O. lindheimeri, O. phoeacantha and O. amyclalea) cover some 5 million ha. 
The following varieties are mainly developed in the central highlands of San Luis Potosi and 
Zacateca and are used for their fruit: O. streptacantha and O. leucotricha, and O. amyclaea. An 
unknown acreage of fodder plantations of spineless types of O. ficus indica and O. robusta has 
been established and is reported to produce 25 to 125 tons of fresh matter per hectare/year 
(Lozano, 1958; Rojas et al, 1966). 
In north eastern Brazil over 300 000 ha of cacti are grown as a fodder reserve for the dry 
season. Three species are used for this purpose: O. ficus indica, Nopalea 
cochenillifera and O. inermis; yields of 100 to 260 tons of fresh matter per ha/year have been 
reported by various authors (Correa de Souza, 1963 and 1965). 
In South Africa, large areas are devoted to fodder cacti plantations, especially in the arid zone 
between the 150-300 mm isohyets (Maré, 1932 and 1953; Bonsma and Maré, 1942; De Kock, 
1965). 
Noxious spiny prickly pear (mainly O. megacantha), has been eliminated over almost 1 million 
ha through biological control using Cactoblastis cactorum and Dactylopus opuntiae. Spineless 
cochenilla-resistant forage varieties were subsequently developed, these are: O. robusta, C. V. 
robusta, C. V. monterrey, C. V. chico and O. fusicaulis. 
Fodder cacti, in conjunction with old-man saltbush, are used as emergency feed for sheep in the 
dry season. They provide emergency feed for 20 to 25 sheep per ha of cactus and saltbush, the 
yields of cactus recorded varying from 20 to 100 tons of fresh matter per ha/year. 
In North Africa there are probably over 300,000 ha of spineless cactus plantations (O. ficus 
indica). In Tunisia alone, over 80,000 ha have been planted with government grants and loans 
during the past decade, while the total area covered in this country is probably over 150,000 ha, 
mostly located between the 200–400 mm isohyets. Large areas are also being planted in the 
arid zones of Libya, Algeria and Morocco as part of livestock development projects. In Sicily 
spineless cacti are grown over 100,000 ha and are partly cultivated for fruit and partly for fodder. 
In all, probably over one million hectares of spineless cacti are cultivated in the world today as 
emergency fodder crops and used as such in drought-evading strategies in the arid zones of 
Brazil, South Africa and North Africa. 
However, the use of cacti is hampered by some serious limitations: cacti are nutritionally 
unbalanced: they are rich in carbohydrates, vitamins and ash but deficient in protein and 
phosphorus. Consumption by ruminants of large quantities of fresh cacti without additional 
roughage often provokes diarrhea after a few days and thus limits the intake. This limitation is 
nevertheless balanced by important advantages and can be easily avoided. Some considerable 
advantages are that production of cacti in the arid zones is extremely high as compared with 
other plants, and that water content of the cladodes varies from 80% during the dry season to 
90% during the growing season. Cattle and sheep can consume up to the equivalent of 10% of 
their body weight in fresh cactus daily as long as 0.1% of this weight is added in the form of dry 
roughage (straw or hay) (Monjuze and Le Houérou, 1965). Moreover, sheep can be fed for 
many months, with a slight weight gain, on a diet based on cactus, wheat straw and urea only 
(Delhaye, Sarson and Le Houérou, 1974). According to Cordier (1947) and De Kock (1965), 
cattle and sheep can live on cactus alone for about 200 days (Cordier, 1974; De Kock, 1965). 
Sheep on a cactus diet may be deprived of watering for very long periods (up to 525 days 
according to De Kock); and a similar conclusion emerges from experiments by Cordier (1974). 
However, according to the latter author, watering cannot be entirely suppressed for cattle 
feeding on cacti although it may be greatly reduced. 
The above conclusions on the use of spineless cacti as animal feed is the result of numerous 
experiments and long practical experience, especially in the USA (Woodward etal,1915; 
Griffiths, 1907; Hare and Griffiths, 1908), in South Africa (Maré, 1932, 1935; Marais, 1935; 
Bonsma and Maré, 1942; De Kock, 1965, etc.), in Tunisia (Cordier,1947; Theriez 1966) and in 
Italy (Maymone and Maloscsini; 1961). 
Cacti are nevertheless subject to certain ecological limitations within the arid zone. They cannot 
grow, for instance, in the Sahel region of West Africa (Peyre de Fabregues, 1966) except on a 
very narrow coastal strip, because of the very low air humidity in this region for 6 to 9 months 
every year. Cacti cannot withstand average air humidity below 40% for more than one 
continuous month. They are also limited by winter temperatures wherever the average minimum 
temperature of the coldest month is below + 1 °C, as it is in the highlands of North Africa, in 
large parts of the Near and Middle East. 
3.2. Saltbushes (Atriplex sp.pl.) 
Chenopodiaceae saltbush varieties are native to almost all the arid zones of the world (Europe, 
Africa, Asia, America and Australia). There are some 300 species of which about 50 are 
considered as fodder shrubs. Not more than 10 species are actually cultivated as fodder crops. 
These are: Atriplex nummularia: old man saltbush, originally from Australia and now cultivated 
in many arid zones of the world. Atriplex canescens: four wing saltbush from north America, 
also cultivated in the Near and Middle East and North Africa. Atriplex halimus: from the 
Mediterranean basin, also cultivated in many other arid zones. Atriplex vesicaria: bladder 
saltbush from Australia, Atriplex semibaccata: from Australia, a creeping saltbush, Atriplex 
glauca: from the Mediterranean, Atriplex lentiformis: from the Western USA, Atriplex 
repanda and Atriplex atacamensis: from Chile, Atriplex rhagodioides: from Australia. 
These varieties are extremely drought resistant and can grow on heavy and saline or alkaline 
soils with average rainfalls as low as 150 mm. They can survive for a whole year with only 50 
mm of rain (Franclet and Le Houérou,1971). They are quite resistant to frost, especially A. 
canescens, and can withstand temperatures of -10 to 15°C. Their establishment, either from 
seedlings or from seeds, is usually easy and quick, and they reach maturity in 2-3 years. Their 
feed value is high, with a CP content of 15 to 25% of DM for leaves and twigs. Productivity is 
also high, although lower than that of cacti. 
However, saltbushes have their ecological and feeding limitations, they are not adapted to some 
dry tropical zones such as the West African Sahel. Their sodium chloride content may be a 
serious limitation wherever drinking water is scarce or saline. They, nevertheless, provide an 
excellent protein-rich complement to cacti, as shown in both North and southern Africa. Other 
promising Chenopodiaceae are Chenopodium auricomum from central Australia 
and Chenopodium paniculatum from Chile. 
3.3 Acacia 
The acacia genus probably consists of over 900 species spread over most of the arid and 
tropical zones of the world (Vassal, 1972). About 50 species are thought to be used in 
reafforestation and sand dune fixation at present, of which a dozen are considered good fodder 
crops. These species include the Australian wattles— Acacia saligna ( = A. 
cyanophylla), extensively used in North Africa and the Near East, A. aneura, A. ligulata, A. 
victoriae, A. pendula, A. Cyclops, A. melanoxylon and A. salicina —and the African thorns—
 Acacia albida ( = Faidherbia albida) from West, East and southern Africa, Acacia tortilis ssp. 
tortilis and ssp. raddiana, and Acacia nilotica ssp. indica from the Middle East. 
Unlike saltbushes, many species of Acacia are adapted to sandy habitats and therefore are also 
used in sand dune fixation. Browse productivity from leaves, twigs and pods is good and usually 
falls somewhere between that of cacti and saltbushes. 
Palatability varies from species to species and even from each individual tree to the next within 
any species or population. However some species, such as A. saligna, A. albida, A. 
senegal and A. nilotica indica, are planted as browse over extensive areas. A. albida in 
particular has been used for centuries in traditional agropastoral systems in Africa in 
conjunction. Much research has been devoted to this agropastoral system, which demonstrates 
that the shedding of the leaves of Acacia albida is equivalent to a fertilisation of about 50 tonnes 
of manure per ha/year, i.e. 75 kg N,12 kg P,13 kg K, 20 kg S, 25 kg Mg and 120 kg Ca per 
ha/year (Giffard, 1964), for an average density of 50 trees per ha. This explains the 
maintenance of the productivity of these agropastoral systems over the centuries. A yearlong 
stocking rate of 400 kg of liveweight per ha or 3 million kcal/ha/year have been recorded in such 
systems with a high density of 50 trees/ha, in addition to millet production of 1000 to 1500 kg of 
grain per ha/year in Senegal, with an average rainfall of 650 mm (Charreau,1970). Similar 
production figures (equivalent to a yearlong stocking rate of 8–10 sheep per ha) have been 
recorded on Acacia cyanophylla fodder plantations in Israel and in Tunisia (Le Houérou, 
unpublished), with annual rainfall of 200–400 mm. As may be expected from legume species, 
browse from Acacia is rich in protein and phosphorus but low in carbohydrates (Sarson and 
Hamrouni, 1974). 
  
3.4 Leucaena 
Leucaena leucocephala (L. glauca) is a legume forage tree of the sub-humid and humid tropics 
(600–1800 mm of average rainfall) and a native of Central America. Large plantations of this 
highly nutritious fodder yield 2 to 20 tonnes of dry matter browse per ha/year, i.e. equivalent to 
800-4300 kg of protein per ha/year (Vietmeyer and Cottom,1977). Protein content is similar to 
Lucerne, (25% CP), carotene is much higher (500 mg/kg DM versus 250), Leucaena is slightly 
richer in energy (68 versus 56 TDN), while phosphorus and calcium are slightly lower than in 
alfalfa. 
However, Leucaena contains a toxic amino-acid, mimosine, which provokes sickness in 
ruminants when the diet includes more than 30% of Leucaena (DM). With this restriction, cattle 
performance onLeucaena-supplemented pastures is considered excellent; palatability and 
digestibility are high (50–70% for the latter). Weight gains of 1 kg/day with steers have been 
recorded in Queens land on pastures based on Setaria anceps and Leucaena, about twice as 
high as may be expected from a good conventional tropical pasture. Commercial meal 
from Leucaena is being produced on a large scale (6400 tonnes in 1974) in Malawi and the 
projections for 1980 are 13,000 tonnes produced from 1200 ha (Savory and Beale, 1974). 
The three main cultivars are Hawaii, Salvador and Peru, in order of increasing productivity. Low 
mimosine cultivars (C.V. Cunningham) are being developed by CSIRO in Queens land (Hutton 
and Beattie, 1976). 
3.5 Mesquites (Prosopis spp.) 
Several species of Prosopis are planted as fodder crops in various and zones of the world, 
especially P. chilensis and P. juliflora (P. dulcis) in the dry tropics of Africa and the Middle 
East, P. tamarugoin Chile and P. cineraria (P. spicigera) in Pakistan, India and the Persian Gulf. 
The latter is used in the same way in India and Pakistan as Acacia albida in Africa, i.e. as a 
fodder tree scattered in millet fields. Branches are lopped and fed to livestock which also gather 
the fallen pods. Prosopis species are quite similar to Acacia for the nutritive value of leaves, 
twigs and pods. Some 30,000 ha of the phreatophyte Prosopis tamarugo were planted during 
the past decade in the northern desert of Chile, with a density of 100–120 trees per ha; yields of 
50–100 kg of pods per tree, i.e. 5000 to 10000 kg/ha/year are reported in adult stands, with 
stocking rates of 10–20 sheep ha/year. 
3.6 The honey locust, Gleiditschia triacanthos 
The honey locust from North America, has been planted in various places in the semi-arid 
zones and especially in the Mediterranean basin, for the forage quality of its pods. The tree is 
well adapted to semi-arid conditions with cold winters. 
3.7 Carob 
Ceratonia siliqua is a common tree in the areas of the Mediterranean basin having mild winters. 
The pods are traditionally used for feeding livestock, especially horses and pigs. Commercial 
plantations of improved varieties have been developed in Cyprus, where the pods are used in 
the pharmaceutical industry. Small plantations are found here and there in the Mediterranean 
islands, Sicily, Malta and the Aegean islands. 
3.8 Other legume species 
Other legume species are used on a small scale, e.g. Medicago arborea or tree medic, from the 
eastern Mediterranean, with an ecology and feed value comparable to alfalfa. Yields reported in 
Tunisia are of the order of 4000-8000 kg of consumable DM/ha/year between the 300 and 400 
mm isohyets. These yields allow a potential stocking rate of 6-12 sheep per ha (Sarson and 
Hamrouni, 1976). Coronilla glauca, another species used, has a similar ecology, feed value and 
productivity as that of tree medic. 
Cassia sturtii, introduced from central Australia to Israel, was found extremely drought resistant 
and highly palatable to all kinds of livestock in the Northern Negev. Yields are reported to be 
about 1000 kg DM/ha/year of protein-rich browse (12% CP), with rainfall of only 200 mm (Meyer 
Forti, 1971). 
3.9 Olive 
The olive is not usually planted for browse, but all over the Mediterranean basin twigs and 
leaves are pruned and fed to livestock. They are readily consumed by cattle, sheep, goats and 
camels. Production of browse is about 10–20 kg per tree/ year, i.e. 200 to 2000 kg/ha/year. 
Feed value is fair to good in protein, phosphorus and calcium, but on the low side in energy: 
400–450 kcal per kg of DM. As olive groves occupy about 8 million ha (or 800 million trees) in 
the world today, global forage production is in the order of 8 million tonnes of DM/year. This is 
equivalent to the annual dietary requirement of 15 million sheep. 
3.10 Calligonum 
Several species of these desert-dune shrubs of the Polygonaceae family are used in sand dune 
fixation and sown for pasture rehabilitation in various and zones of the world (Nechaeva and 
Prikhodo, 1968): they include Calligonum polygonoides (Iran), C. arborescens, C. pellucidum, 
C. elatum, C. eriopodum C. caput medusae and 
C. setosum (USSR), C. comosum (Libya), C. comosum, C. azeland C. arich (Tunisia). 
Establishment is usually ensured by direct sowing. Palatability is high but feed value is not well 
documented. 
3.11 Saxaouls 
Haloxylon persicum, and to a lesser extent H. aphyllum (H. ammondendron), are used for and 
land and pasture reclamation in various parts of the Near East (Iran, Jordan, Saudi Arabia, Iraq) 
and the USSR. Palatability is fair and drought resistance is extreme (as 
for Calligonum). Successful establishment has become a matter of routine under conditions with 
less than 100 mm of annual precipitation in Iran, for instance (Shaidae and Niknam, 1973; Le 
Houérou, 1975). Establishment is ensured either by seedlings or by direct sowing. 
3.12 Salsola 
Several species of this Chenopodiaceae are being used for pasture rehabilitation through 
reseeding in the USSR (Salsola paletskiana, S. richteri) and in Syria (S. vermiculata). 
3.13 Sagebrush 
Artemisia spp., sagebrush, has been used for pasture rehabilitation on a large scale in the arid 
zones of the USSR (Artemisia badhysi, A. turanica). A promising species for reseeding depleted 
ranges in the arid Mediterranean zone is Artemisia herbs albs. 
3.14 Mulberry 
Morus alba, M. japonica are widespread in the Mediterranean semi-arid to humid zone, where 
they were traditionally used for cultivated silkworm feeding. Mulberry is also well adapted to 
semi-arid tropical conditions, especially in elevations above 1000 m. It thrives in the highlands of 
East Africa. 
Yields of mulberry are quite high and feed value is exceptional; it is superior to most 
conventional fodder crops, including alfalfa. It has high digestibility (70%), high energy content 
(0.7 FU/kgDM or 1155 kcal/kg/KM), very high protein content (18–22% digestible protein), and 
is very rich in phosphorus (0.4%) and in carotene. 
Mulberry is best used in montane areas on small farms where labour is not in short supply. 
However, dwarf varieties have been developed in Japan which allow for mechanical mowing 
and harvest. 
3.15 Establishment and management techniques 
Table 3 shows establishment and management techniques for some of the species discussed 
above. 
Table 3. Establishment and management techniques 
                              Establishment Management 
Species Direct 
sowing 
Planting 
nursery 
grown 
seedlings 
Vegetative 
propagation 
Direct 
browsing 
Cut and 
carry 
Cacti – – +c – + 
Saltbushes (+)a + +e + – 
Acacia (+)b + (+)e + (+) 
Leucaena + + +d + + 
Mesquite (+)f + – + – 
Honey locust + + – + – 
Carob + + – + – 
Olive – – + + + 
Calligonum + (+) (+) + – 
Saxaouls + (+) – + – 
Salsola + – – + – 
Sagebushes + – – + – 
Cassia sturtii – + + + + 
Tree medic + + + + + 
Coronilla + + + + - 
Mulberry + + +d + + 
+ Usual technique 
(+) Locally used 
a Only a few species may be established by direct seeding: A. canescens, A. glaucal, A. semi 
baccata occasionally A. halimus. Mechanical sowing has been experimented (Orev, 1971; 
Malcolm, 1976). 
b Some species may be directly sown, such as A. senegal. 
C Plantation of joints (cladodes, occasional grafting). 
d Cuttings, stumps. 
e Occasionally cuttings (A. nummularia, A. halimus), especially in the multiplication of higher 
palatability strains. 
f Whether the species is self-reproducing or not varies according to area. 
3.16 Cost of establishment and management 
Costs vary widely from country to country and according to the techniques used and the cost of 
labour. Direct sowing is usually cheaper, especially when mechanical sowing is possible. 
The cost of establishment of Acacia and Atriplex in North Africa and the Near East is around US 
$ 150–300 per ha, including the cost of operating a nursery. The plantation itself requires 20 to 
25 mandays per ha. In North Africa, the cost of establishing cactus plantations is about the 
same of which 70 to 80% is accounted for by labour. Cost of utilization is about US $ 80–100 
per ha/year, about 80% of which is accounted for by labour. 
Reckoning on an average minimum production of 25 of fresh cacti per ha/year in arid zones, 
(200-300 mm) and a depreciation period of 25 years the cost would be US $ 3 per tonnes of 
fresh cactus or US $ 0.02 per kg of DM or US $ 0.14 per FU. 
Under higher rainfall (300-500 mm) production would be at least three times greater and cost 
per FU about half the above figure. Cactus plantations are labour demanding and are therefore 
of special interest in areas where labour is plentiful and cheap, as in many developing countries. 
The same applies to mulberry and Leucaena. 
In Malawi, high-yielding plantations for meal production require about 2 man-years per ha 
(Savory and Beale, 1974). 
3.17 Use of fodder shrubs and trees for reclamation of marginal land 
Fodder shrubs and trees are extensively used in marginal zones (mountains, arid and semi-arid 
zones) as a means of controlling either water or wind erosion, to reclaim degraded rangelands 
and rehabilitate soils degraded by salinity or alkalinity and for sand dune fixation. Large-scale 
projects have been successfully carried out in many countries, for instance in Iran, 
using Atriplex canescens, A. lentiformis, Haloxylon persicum and H. aphyllum, in Chile 
with Prosopis tamarugo; in South Africa with Cacti and salt bushes; in North Africa with Cacti, 
saltbushes and Acacia; in tropical Africa withAcacia albida, A. Senegal, A. aneura and A. 
nilotica ssp. indica etc. Some countries like Tunisia and Libya have promulgated legislation 
ensuring government grants and loans to farmers who establish such plantations. This type of 
action becomes more and more necessary as rangelands in marginal areas are becoming 
increasingly depleted by overgrazing, fuel gathering and the expansion of cereal cultivation. 
However, it should be stressed that reclamation of marginal lands by fodder shrubs and trees, 
although presenting no difficult technical or economic problems, is faced with serious 
bottlenecks in terms of management and utilization due to the social conditions prevailing in 
many of the countries concerned. 
On the other hand, successful biologically balanced systems have been set up in traditional 
peasant civilizations such as the one based on Acacia albida — millet in West Africa, 
or Prosopis cineraria — millet in Rajasthan. 
In developed countries, such as the USA or Australia, native shrubs and trees are being 
increasingly used for landscaping (highways), recreational activities and game preservation or 
restoration. Similarly, some forage shrubs are used for the prevention of fire hazards. Such is 
the case of Atriplex in the California Chaparral. Saltbushes, which have a high ash content, 
have a very low flammability and are thus useful as fire breaks. 
6. Conclusions 
Desertification is at present a direct threat to the welfare of 200 to 300 million people in various 
arid zones of the world. If the present trend is not reversed, by the end of the present century 
one third of the land cultivated today will be made useless to man (United Nations International 
Desertification Conference, 1977). The areas undergoing desertification are in excess of 40 
million km2, i.e. almost 30% of the earth's surface (in addition to 8 million km2 of actual climatic 
deserts). Additionally, erosion is progressing at a frightening pace, especially in the montane 
areas of tropical and subtropical zones. 
This dramatic situation is due not to any climatic change or natural catastrophe, but to the 
misuse of land and natural resources, often provoked by an overwhelming population pressure. 
Pressure on land has frequently risen far beyond its carrying capacity under traditional 
management practices. 
At the same time, as more and more productive land is lost, food supplies, especially animal 
products (protein), are in increasing shortage in developing countries. Expanding irrigation has 
so far been the main reaction to this situation. Some 200 million ha are under irrigation at 
present (1.6% of the total land surface), while potentially irrigable land is estimated at 470 
million ha (3.5% of the total land surface, which is 134 million km2) (Buringh et al, 1975), out of 
currently salinity and alkalinity (Kovda,1972). The potentially irrigable areas thus represent less 
than 10% of the land in the arid and semi-arid zones; this means that over 90% of the land has 
to be reclaimed by other methods. What is proposed here is a new approach to farming based 
on biological and ecological principles of optimum land use under long-term sustained 
productivity. These principles imply a balance between the various farming activities, forestry, 
crop and animal production, and their proper integration. These principles are not new; they 
have often been advocated in the past, but very rarely applied. 
As far as forestry on rangelands is concerned, management should aim at keeping a balance 
between browse species and grasses, especially on marginal land and in arid zones, since as 
has been seen, grasses alone cannot meet the dietary needs of livestock during the dry or cold 
season, and browse can efficiently complement this deficiency but is too low in energy for high-
performance livestock when used alone. 
Fodder trees and shrubs have been successfully planted over several million hectares, 
especially in arid and montane areas. Such plantations should be expanded in the context of 
drought evasion strategies which aim to maintain a balance between livestock requirements and 
feed supplies during extended dry periods. Increased populations of trees and shrubs would 
also make it possible to transform pastoral nomadic or transhumant animal production systems 
into settled agropastoral systems, as has already been achieved on a small or intermediate 
scale in several countries. Such systems, based on permanent feed supply from fodder shrubs 
and trees, can ensure settled animal production systems in arid zones and montane areas 
where grazers traditionally roam about in search of pastures and water. 
Furthermore, the planting of fodder shrubs and trees is an efficient means of controlling water 
and wind erosion, fixing sand dunes, combating desert encroachment and restoring sterile land 
to production. Former irrigated land which has become sterile due to salinity can be restored to 
productivity by planting fodder saltbushes. The same saltbushes can also make use of soils and 
water which are too saline for conventional crops. 
Enough knowledge and experience has been gained and disseminated throughout the world for 
the past 50 years to enable these problems to be tackled rationally. However, political and 
social constraints have so far prevented their application on a broad scale, with the exception of 
a few countries. Lack of efficient organization and extension services, rather than financial 
resources, seem to be the main bottleneck to the application of this development strategy. 
There is no doubt that tremendous progress could be achieved through better coordination at 
national and international level between agronomists, foresters and range/livestock specialists 
on the one hand, and sociologists, administrators, politicians and financial agencies on the other 
in order to plan and implement sound, balanced development schemes. 
However, further research is still needed to gain a better understanding of the biology of browse 
species and the dynamics of native browse ecosystems in order to attain optimum multiple use 
of forest and rangeland. Genetic improvement of ligneous fodder crops is also needed, to 
increase their palatability and their feed value, and to find new strains adapted to specific 
climatic or soil conditions. 
References 
Bille, J.C. (1977). 'Etude de la production primaire nette d'un écosystème Sahélien'. Trav. et 
doc. de l'ORSTOM, n° 65, Paris. 
Bille, J.C. (1978). 'Rôle des arbres et arbustes en tart que source de protéines daps la gestion 
des pâturages d'afrique Tropicale'. Mimeo. Supporting paper, item no. 10, 8th, World Forestry 
Congress Jakarta. 
Blanchemain a. (1964). 'Conditions et possibilités pour un meilleur élevage de chévres'. Mimeo. 
Goat Raising seminar, Rome, FAO. 
Blancou, J. et al (1977).'Composition du pâturage naturel consommé par les bovins en milieu 
tropical: Note sur une technique d'étude nouvelle'. Mimeo. Colloquee sur les recherches sur 
l'élevage bovin en zone tropicale humide, Bouaké, Côte d'Ivoire. 
Bonsma, H.C., Maré, T.S. (1942).'Cactus and oldman saltbush as feed for sheep'. Bull. 235, 72 
p. Pretoria, Dept. of Agriculture and Forestry. 
Brinkman, W.L. De Leeuw, P.N. (1976)). 'The nutritive value of browse and its importance in 
traditional pastoralism'. Mimeo, Agricultural Research Station, Shika, Ahmadou Bello, 
University, Zaria, Nigeria. 
Buringh, P. et al (1975). 'Computation of the absolute maximum food production of the World'. 
Department of Tropical Soil Sciences, Agricultural University. 
Charreau, c. (1970). 'L'amélioration du profit cultural daps les sots sablo-argileux de la zone 
tropicale ouest africaine et ses incidences économiques'. Mimeo. Centre National Recherche 
Agronomique, Bambey, Sénégal. 
Charreau, C., Vidal, P. (1965). 'Influence de l'Acacia albida sur le sol: nutrition minérale et 
rendement des mils Pennisetum'. L Agron. Trop. Paris. 67, 600–626. 
Cook, C.W. (1971). 'Effects of season and intensity of use on desert vegetation'. Bull, Utah 
Agricultural Experimental Station, Utah State University, Logan. 
Cook, C.V. (1972). 'Comparative values of forbs, grasses and shrubs'. In: McKell, Blaisdell and 
Goodin (eds). Wild land shrubs, their biology and utilization. USDA Forest Serv. Gen. Tech. 
Rep. INT-1. 
Cordier, G. (1974). 'De la composition de quelques produits fourragers tunisiens et de leur 
valeur pour l'alimentaitondu mouton'. Ann. Serv. Bot. Agron., 20:25–108. Tunis. 
Correa de Souza, A. (1963). `Revisao de Conhecimentos sobres as Palmas 
forrageiras'. Bol. no. 5, Recife. 
Correa de Souza, A (1965). `Novos experimentos con Palmas forrageiras em Pernambuco'. 9th 
International Grassland Congress, Sao Paulo. 
De Kock, G.C. (1965). 'The breeding of spineless cactus as a drought resistant fodder crop'. 9th 
International Grassland Congress, Sao Paulo. 
De Kock, G.C. (1965). 'The management and utilization of spineless cactus'. 9th International 
Grassland Congress, Sao Paulo. 
De Leeuw, P.M. (1975). 'Species preferences of domestic ruminants grazing Nigerian savanna'. 
Memeo, Agric. Res. Stn. Shika, Ahmadou Bello, Univ., Zaria, Nigeria. 
Delhaye, R., Le Houérou, H.N., Sarson, M. (1974). 'Amélioration des pâturages et de l'élevage 
au Hodna (Algérie)'. PNUD/FAO, ASG: DP/ALG/66/509, Rome, FAO. 
Dietz, R. (1972). 'Nutritive value of shrubs'. In: McKell, Blaisdell and Goodin (eds). Wildland 
shrubs, their biology and utilization. USDA For. Serv. Gen. Tech. Rep. INT-1. 
Etienne, M. (1978). 'Amélioration des conditions de parcours et des pâturages naturels pour la 
production de protéines animates en zone montagneuse de Corse'. Mimeo, Vol. Contro., Item 
no. 10, 8th World Forestry Congress, Jakarta. 
Everist, S.L. (1969). 'Use of fodder trees and shrubs'. Advisory Leaflet no. 1024. Brisbane, 
Queensland Dept. of Primary Industries, Div. of Plant Industry. 
Everist, S.L. (1972). 'Australia'. In: McKell, Blaisdell and Goodin. Wildland shrubs, their biology 
and utilization, USDA Forest Serv. Gen. Techn. Rep. INT-1. 
FAO (1974). 'The ecological management of arid and semi-arid rangelands in Africa and Near 
and Middle East'. Report of an expert consultation AGP: Misc/26, Rome, FAO. 
FAO (1975). 'The ecological management of arid and semi-arid rangelands in Africa and the 
Near and Middle East'. Formulation of an international cooperative programme. Report of an 
International Conference; 19p., FAO, Rome. 
Forti, M. (1971). 'Introduction of fodder shrubs and their evaluation for use in semi-arid areas of 
the Northern Negev'. Mimeo. Israel, Negev Inst. for Arid Zone Research Been-Sheva. 
Franclet, A.; Le Houérou, H.N. (1971). 'Les Atriplex en Tunisie et en Afrique du Nord'. FAO: 
SF/TUN 11, Tech. Rep. no. 7 Rome, FAO (French and English versions). 
French, M.H. (1970). 'Observations sur la chévre'. Rome, FAO. 
Gasto, J. (1978). 'Les arboles y arbustos en el manejo de pastos naturales, con referencia 
particular a la prduccion de proteina'. Mimeo. Supporting paper item no. 10, 8th World Forestry 
Congress, Jakarta. 
Gasto, J.; Contreras, D. (1972). 'Analisis del potential pratense de Fanerofitas y camefitas en 
regiones mediterraneas de pluviometria limitada'. Bull. Tech. no. 35: 30–59 Santiago Fac. de 
Agron., Univ. de Chile. 
Giffard, P.L. (1964). 'Les possibilités de reboisement en Acacia albida au Sénégal'. Bois et 
forets des tropiques, 95:21–33. 
Giffard, P.L. (1972). 'Rôle de l'Acacia albida dans la régénération des sots en zone tropicale 
aride'. 7th Congrés Forestiére Mondiale Buenos Aires. 
Granier, P. (1975). 'Note sur l'introduction des techniques d'amélioration de la productivité de 
l'élevage en zone sahélienne'. Mimeo. Maisons Alfort, IEMVT. 
Griffiths, d. (1966). 'Feeding prickly pear to stock in Texas'. Bur. of Anim. Industry, Bull. no. 91, 
Washington D.C. 
Hare, R.F. (1908). 'Experiments of the digestibility of prickly pear by cattle'. Bur. of Anim. 
Industry, Bull. no. 106, pp. 7–38, US Dept. of Agriculture, Washington D.C. 
Hutton, E.M., Beanie, W.M. (1976). 'Field characteristics in three boxed lines of the 
legume Leucaena leucocephala'. Trop. Grassland, 10: 187–194 
Knoess, K.H. (1977). 'The camel as a meat and milk animal'. World Animal Review, 22: 3–8, 
FAO, Rome. 
Kovda, V.A. (1972). 'The world's soils and human activity'. In: N. Polunin (ed.) The 
environmental future. New York, Macmillan. 
Kovda, V.A. (1974). Biosphere, soils and their utilization. Moscow. 
Le Houérou, H.N. (1971). 'The useful shrubs of the Mediterranean basin and the arid tropical 
belt south of the Sahara'. Mimeo, AGPC: Misc/24, Rome, FAO. 
Le Houérou, H.N. (1972). 'Africa: The Mediterranean region'. In: Mckell Blaisdell and Goodin 
(eds). Wildland shrubs, their biology and utilization. USDA Forest. Serv. Gen. Tech. Rep., INT-
1. 
Le Houérou, H.N. (1976).'Rehabilitation of degraded arid land'. In: Rapp, Le Houérou and 
Lundholm (eds). Can desert encroachment be stopped? Ecological Bulletin no. 24, Secret. for 
Internat. Ecology, Stockholm. 
Le Houérou. H.N. (1977). 'The grassland of Africa: classification, production evolution and 
development outlook'. International Grassland Leipzig, and Addis Ababa, International Livestock 
Centre for Africa. Mimeo. 
Le Houérou, H.N., Hoste, Ch. (1977). 'Rangeland production and annual rainfall relations in the 
Mediterranean basin and in the African Sahelo-Sudanian zone'. J. Range Manage., 30 (3): 181–
189, May 1977. 
Liacos, G.L., Moulopulos, Ch. (1967). 'Contribution to the identification of some range types 
of Quercus coccifera'. University of Thessaloniki. 
Long, G. t al (1967). 'Essai de détermination expérimentale de la productivité dune garrique 
à Quercus coccifera'. Mimeo. Doc. no. 209, Montpellier CEPE/CNRS. 
Marais, J.C. (1935).'Drought resistant fodder crops'. Farming S. Africa 10: 34–352, Pretoria. 
Maré, G.S. (1932). 'Feeding cactus to sheep in times of drought'. Farming. S. Africa, 6: 462–2, 
Pretoria. 
Maré, G.S. (1935). 'Spineless cactus and old man saltbush as grazing for sheep'. Farming S. 
Africa, 10: 371. Pretoria. 
Maymone, B., Malossini, f. (1961). 'Digeribilità e valore nutritivo di cladodi e del frutto 
del Opuntia ficus indica'. Mill. impiegati nell'alimentazione animale. Ann. Dell'Esperim. Agric., 
XV, 2: 251–280. Rome. 
McGinnies, W.G. (1972). 'North America'. In: McKell, Blaisdell and Goodin (eds) Wildland 
shrubs, their biology and utilization. USDA Forest. Gen. Techn. Rep. INT-1. Inter-mountain 
Forest and Range exp. stn., Ogden, Utah. 
McKell, C.M., Blaisedell, J.M. and Goodin, J.R. eds (1972). Wildland shrubs their biology and 
utilization. USDA Forest Service, Gen. Techn. Rep. INT-1. 
McKell, C.M., Malechek, J.C. (1978). 'The role of shrubs and trees in the management of natural 
grazing lands, with particular reference to protein production'. Supporting paper, item no. 10, 8th 
World Forestry Congress, Jakarta. 
Monjauze, A.; Le Houérou, H.N. (1965). 'Le rôle des Opuntia dans l'économie agricole Nord 
Africaine'. Bull. Ec. Nat. Sup. Agric. 8–9: 85–164, Tunis. 
National Academy of Sciences (1975). Under exploited tropical plants with promising economic 
value. Nat. Ac. Sces, Washington D.C. 
Nechaeva, N.T., Prikhodo, S.Ya. (1968). 'Sown winter ranges in the foothill deserts of Soviet 
Central Asia'. Bot. Inst. of the Academy of Sciences of the Turkemn Republic English translation 
by Israel program for Scientific translation, Jerusalem. 
Nemati, M. (1978). 'The role of shrubs and trees in the management of natural grazing lands, 
with particular reference to protein production'. Mimeo. Supporting paper, item no. 10, 8th World 
Forestry Congress, Jakarta. 
Orev., Y. (1972). 'Demonstration of a shrub seeding method'. In: McKell, Blaisdell and Goodin 
(eds) Wild land shrubs, their biology and utilization. USDA Forest Serv., Gen. Techn. Rep. INT-
1. 
Papanastasis, V. (1977). 'Conversion of Quercus coccifera bush lands to grasslands in Greece'. 
Mimeo, Range Management Section, for. Res. Fust., Min. of Agric., Thessaloniki. 
Peyre de Fabrégues, B. (1966). 'Les cactées fourragéres dans le Nord-est Brésilient'. Maisons-
Alfort, IEMVT 
Plummer, A.P. (1972).'Selection in Wildland shrubs; their biology and utilization'. Intermountain 
Forest and Range Exp. Stn., Ogden Utah USDA Forest Serv., Gen. Techn., Rep. INT-1. 
Pratt, D.J. Gwynne, M.D. (1977). 'Rangeland management and ecology in East Africa'. London, 
Hodder and Stoughton. 
Rojas, P.M., Malo, F.J., Palomo, P.G. (1966). 'El nopal forrajero en Nuevo Leon Agronomia'. 
108: 34–39, Monterrey, Mexico. 
Sarson, M., El Hamrouni, A. (1974). 'Valeur alimentaire de certaines plantes spontánées ou 
introduites en Tunisie'. Note de Recherche no. 2, Inst. Nat. Rech. Forest., Tunis. 
Sarson, M., El Hamrouni, a. (1975). 'Appétabilité de certains Atriplex spontanés ou introduits en 
Tunisie).'Note de Recherche no. 8, Inst. Nat. Rech. Forest., Tunis. 
Sarson, M., El Hamrouni, A. (1976). 'Résultats d'un essai de charge sur une parcelle 
de Medicago arborea L.'. Note de Recherche no. 14, Inst. Nat. Rech. Forest., Tunis. 
Sarson, M., Salmon, P. (1978). 'Rôle des arbres et arbustes fourragers dans l'aménagement 
des pâturages Naturels en Afrique du Nord'. Mimeo. Supporting paper, Item no. 10, 8th World 
Forestry Congress, Jakarta. 
Savory, R., Beale, C.I.A. (1974). 'Commercial Leucaena meal production in Malawi'. Mimeo, 
UNDP/FAO, MLW 71/ 519, Malawi Teheran. 
Soriano, A. (1972). 'South America'. In: McKell, Blaisdell and Goodin (eds). Wildland shrubs, 
their biology and utilization. USDA Forest Serv. Gen. Techn. Rep. INT-1. 
Theriez, M. (1966). 'Recherches sur la digestibilité de Opuntia ficus indica f. inermis en Tunisie'. 
Doc. Techn. Inst. Nat. Rech. Agro., Tunis. 
Vassal, J. 61972). 'Apport des recherches ontogénétiques et séminologiqués à l'étude 
taxonomique et phylogénétique du genre Aciacia'. Trav. Lab. Forestier de Toulouse. D.Sc. 
thesis, Faculté des Sciences Toulouse. 
Vietmeyer, N., Cottom, B. (1977). 'Leucaena promising forage and tree crop for the tropics'. Nat. 
Acad. of Sces, Washington, D.C. 
Wickens, C.E. (1969). 'A study of Acacia albida Del. (Mimosoideae)'. Kew Bull., 23: 181–202. 
Wilson, A.D. (1974). 'Nutrition of sheep and cattle in Australian arid areas'. In: Wilson A.D. 
(ed.) Studies of the Australian Arid Zone, II Animal production. CSIRO, Div. of Land Res. Mgt, 
Perth. 
Wilson, A.D. (1977). 'The digestibility and voluntary intake of the leaves of trees and shrubs by 
sheep and goats'. Austr. J. of Agric. Res. 28: 510–508 
Woodward, T.E., Turner, W.F., Griffiths, P. (1915). 'Prickly pear as a feed for dairy cows). `J. of 
Agric. Res., IV, 5: 405–450, Washington D.C. 
  
Management and utilization methods for ligneous forages: 
Natural stands and artificial plantations** 
Jacques Piot 
Director, CTFI, Ouagadougou, Upper Volta. 
1. Introduction 
The considerable importance of browse in animal feeds is highlighted by the fact that it has 
brought together this symposium in Addis Ababa, an observation which also shows that there 
must be many aspects of this question which remain to be understood, studied or discovered. 
The topic of the present paper is one of these aspects. Many observations have been made on 
this subject; there has also been criticism; and interpretation to a greater or lesser extent; and 
yet it has been studied very little in any depth. This is because the management of ligneous 
plant is obviously linked to the specific and unique characteristics of these species in relation to 
other classical forage plants. These characteristics are as follows: 
1.1 Their perennial nature 
All ligneous and most subligneous species are pluriannual, and as a result provide a constant 
biological resource. This situation is in contrast, at least insofar as Sahel zones with annual 
plants are concerned, to one in which the grass cover varies in different places according to the 
pattern of the rainy season. 
Similarly, in the more Sudanian zones, where the grass cover primarily consists of perennial 
and mostly short-stemmed grasses, the ligneous strata evolve more slowly that the grass cover 
owing to external influences such as burning of various kinds, intensive grazing or the lack of it, 
whether or not resting periods are allowed, etc. 
1.2 Their long-growth phase 
The phenology and development of ligneous species do not depend to any marked degree on 
the rainy season. The obvious typical example is Faidherbia albida, in which foliation actually 
occurs during the dry season, but prolonged green stages, in which leafing may be observed 
well before the return of the rains and foliage lasting on the tree long after the end of the rainy 
season, are very frequent. 
Moreover, the ability of ligneous plants to utilize the deeper soil layers enables them to replenish 
their upper parts when these are destroyed by fire or lopping etc., even at the height of the dry 
season. Quite apart from this phenological aspect, which is peculiar to ligneous plants, it should 
be emphasized than some species are also able to provide a feed source throughout the year. 
Whether in the form of leaves, fruit or even flowers — although the latter are not very rich in 
feed value — these plants enable a supplementary feed source to be found during difficult 
periods, the only real problem being that the quantities available are unfortunately always fairly 
small. 
1.3 Their relatively delicate character when young 
The fact that ligneous plants are delicate when young is linked with their perennial nature, which 
frequently necessitates a biological cycle lasting several years, which is not conducive to 
regeneration by natural sexual processes. While the plants are young and small they are 
subject to constant browsing and are far more sensitive to fire than grasses, which can actually 
benefit from the effects of fire on their seeds from the point of view of natural propagation. The 
seeds of ligneous species, on the other hand, probably do not get a chance to grow without 
harassment until their first rainy season, during which the presence of grass may — but even 
this is not certain — prevent them from being browsed by herbivores. 
Even under optimum conditions the young plants will reach 20 or 30 cm high and still have a 
poorly lignified and delicate stem, although the taproot part of the root system will already be 
deeply entrenched in the soil. For example, on a sand dune a root of Faidherbia albida less than 
1 year old was uncovered at 5 m depth (Maradi 1957/58, Niger). Under these conditions the 
upper parts of the plant may disappear without the root system suffering to any great extent. 
Moreover, it will sprout new shoots in a few weeks. 
Hence it can be seen that, if fire is the only factor responsible for the destruction of the stem, the 
damage is done only once a year and as the years go by the plant strengthens its root system, 
which one day becomes strong enough to support the growth of a taller, stronger stem with 
better resistance to fire, or which might escape burning during a year's respite, when for one 
reason or another the fire does not pass that way. 
On the other hand, if browsing occurs, with or without burning, and eliminates the upper parts of 
the plant, through constant repetition the plant will become exhausted and the seeds will 
disappear. Trials with Faidherbia albida var. Zinder between 1956 and 1961 showed 
indisputably that on 1 ha plots subjected only to fire the plant survived, whereas on those 
grazed by herbivores, particularly goats, the entire plant died. 
1.4 Their height 
The aspect of plant height is of course related to the height of the animals and, with the 
exception of giraffes and elephants, with which we are less concerned, without human 
intervention only part of the food available can be reached by the animals. This situation 
provides a sure guarantee as regards the preservation of ligneous species, but generally 
speaking a larger proportion of the available browse could be used without risk to the trees. 
Unfortunately it is true that indiscriminate intervention here on the part of man, which should be 
a beneficial thing, often does a great deal of harm owing to excess. 
2. Traditional management and utilization 
This section will allow us to make some observations intended to qualify what we "know" about 
the way in which ligneous plants are used. The classical method is still that of the Sahel 
herdsman who used his machete or hatchet to lop trees and shrubs at head height, preferably 
leaving the branches attached to the trunk, giving an umbrella-like habit wholly conducive to 
`roasting' and the death of the tree if fire occurs, which is still fortunately far from being the 
general case. 
In fact, however, although this scenario is a very frequent one, it does vary considerably 
according to the pastoral area concerned. For example, it may well be met within the Saharo-
Sahelian zone where nomadism is practiced and rainfall is 100 to 200 mm, but in the Sahel 
proper, where crops are grown, it has already become somewhat blurred. The necessary 
protection of crops against marauding livestock is afforded by 'zeribas', hedges made out of 
thorny species, so that a large proportion of lopping is carried out for a dual purpose. In these 
cases umbrella-shaped trees with the branches still attached are less frequently found. 
Still further to the south, but still in the northern hemisphere, i.e. in the Sudanian or Sudano-
Guinean zone, manual distribution of browse feed may be very rare or even non-existent, as in 
the Adamaoua massif in Cameroon. The fact that there are fewer herdsmen in these areas is 
doubtless one of the reasons for this situation, in which animals have access only to what they 
can reach. 
All the same, declining herd supervision appears to be a general phenomenon affecting not only 
pseudo-sedentary farmers and transhumants, but also to an increasing extent the nomads 
proper. It is a situation which has some impact on the management of the herd and on its 
environment in general, as well as on that of ligneous plants in particular, for which there is less 
and less time available. In this situation either the entire tree is cut down, which remains the 
exception, or else the animals have access only to what they can reach. There are two general 
patterns, according to the region concerned: 
In the Sudanian zone, where leaf decay is limited, or at least very spread out in time, supplies 
directly available to the animals at the height of the dry season consist of green matter, but are 
less than half of the total amount on the tree, as shown by Table 1, which refers to the 
N'Gaoundere region in Cameroon. 
Table 1. Estimated forage production of trees during dry season 
Species Soil and 
year 
Plants per ha Direct harvesting by 
animal (several regrowths) 
Supplementary harvesting 
by man (beating, lopping, 
etc.) 
    Shoots Shrubs Trees Green 
matter kg/ha 
FU/ha DP 
kg/ha 
Green 
matter kg/ha 
FU/ha DP 
kg/ha 
Daniella 
Oliveri 
Granitic 58 
Granitic 68 
Basaltic 
Medium 
150 
390 
   2.5 
    7 
  84 
   1.3 
  5 
  6.5 
  2.5 
  75 
185 
negligible 
12 
30 
1.8 
4.50 
  90 
430 
   8.5 
 15 
 72 
   1.5 
  2.2 
10.5 
  0.2 
Piliostigma 
thonningii 
Granitic 58 
Granitic 68 
Basaltic 58 
Basaltic 68 
  61 
  64 
129 
   84 
    2.7 
  30 
  18 
  76 
– 
– 
  1.5 
– 
  35 
  60 
  75 
120 
  5.5 
  9.5 
12 
19 
0.65 
1.1 
1.4 
2.2 
– 
  30 
  20 
  80 
– 
   4.7  
   3.15 
 12.5 
– 
  0.6 
  0.4 
  1.5 
Hymenocardia 
acida 
Granitic 58 123    0.5 –   65   7.3 0.75 – – – 
Granitic 68 
Basaltic 58 
Basaltic 68 
108 
125 
  36 
102 
   2.6 
  60 
   7 
   6 
– 
100 
  65 
  50 
11.2 
  7.3 
  5.6 
1.20 
0.75 
0.57 
100 
– 
  60 
 11.2 
– 
   6.75 
  1.15 
– 
  0.7 
Vitex 
madiensis 
Granitic 58 
Granitic 68 
Basaltic 58 
Basaltic 68 
  6 
19 
  6 
  2 
    1 
    4 
– 
    1 
– 
– 
– 
– 
   3.5 
  15 
    2 
    4 
  3.4 
  2.5 
  1.3 
  2.3 
0.06 
0.25 
0.03 
0.06 
p.m. p.m. p.m. 
Lophira 
lanceolata 
Granitic 58 
Granitic 68 
25 
14.5 
    9.5 
  27 
  0.5 
  1.5 
  15 
  10 
  2.75 
  1.75 
0.29 
0.2 
– 
  45 
– 
  8 
– 
  0.81 
Gardenia-
Bridelia Lannea 
and others 
Granitic 58 
Granitic 68 
Basaltic 58 
Basaltic 68 
33 
30 
22 
  8.5 
   5 
  25 
   0.5 
   3 
  2.5 
  2.5 
– 
– 
  20 
  50 
  12 
    8 
  3.5 
  8.5 
  2 
  1.5 
0.38 
0.9 
0.22 
0.16 
  20 
  50 
– 
– 
  3.5 
  8.5 
– 
– 
  0.38 
  0.9 
– 
– 
  Granitic 58 
Granitic 68 
Basaltic 58 
Basaltic 68 
398 
645 
284 
133 
  26 
272 
  21 
140 
  8 
17.5 
  2.5 
– 
213.5 
425 
154 
182 
31.5 
63 
22 
26.5 
3.9 
8.15 
2.40 
3.13 
110 
645 
28.5 
148.5 
 22 
112.5 
   4.5 
  21 
  2.6 
 14 
   0.6 
  2.4 
In the Sahel in the broad sense, all or virtually all the foliage on the tree will be consumed, but 
here again most of the leaves will not be consumed until they have fallen naturally to the 
ground, where the animals find them. It is probable that by this there will have been a 
considerable drop in feed value, but this is not absolutely clear, as is shown by Table 2. 
Table 2. Some feed characteristics of fresh and dried leaves 
Species Water 
% 
CP 
% DM 
CP 
%DM 
FU/KG DM DCP % 
DM 
DP/FU 
Gardenia ternifolia 
27-2-67 
leaves dried by burning 
  6.65 11.17 19.20 0.73 6.7 90 
idem fresh leaves 60.60   8.94 21.05 0.66 5.1 80 
However, it should be noted, at least as regards the Gardenia in this example what has 
happened is not really part of the plant cycle so much as a kind of forced haymaking, a 
phenomenon which is by no means uncommon for ligneous plants wherever burning off occurs 
as a matter of course every year. Nevertheless, even without trimming or pruning most of the 
plant material available in the Sahel area is used by animals all year round: there is evidence to 
show that browsing on shrubs and trees occurs even at the height of the rainy season. This is 
obviously true for goats, which are browsers, but also for cattle, sheep and other herbivores. 
Browse consumption thus does not occur only during the scarcity period, but rather distribution 
by herdsmen has been observed even during the height of the wet season, as was the case 
for Acacia seyal in Oudalan, Upper Volta. 
However, this is only true for animals accustomed to consuming ligneous plants, and as early as 
1970 I had written as follows about the Sudano-Guinea highland regions (Adamaoua): "In some 
animals an aversion to the consumption of foliage may be observed; they resign themselves to 
it only when there is really nothing else to eat, and therefore sometimes too late. On account of 
their nutritive value it is important that the leaves of successive new shoots should be consumed 
while young: it is therefore a good idea to force animals which are not accustomed to doing so 
to consume foliage before they have become too thin, and hence as early as possible in the dry 
season. This can be done by distributing young branches in the cowshed or by temporarily 
overstocking an enclosure with plenty of bushes". This in itself already provides us with one of 
the components in the management of ligneous plants, the utilization of which by animals, 
although obviously varying, should be as permanent as possible for another quite different 
reason. 
Anyone who has fattened domestic animals or even merely supplemented their feed supply will 
know that the response to a new feeding programme is not immediate, but delayed by about 2 
weeks. I myself found, while supplementing with Daniellia olivieri on natural savanna in the 
Adamaoua, that it was ineffective if supplies were provided over too short-lived a period. The 
need for a certain period in which the equilibrium of the rumen flora must adapt makes it highly 
desirable to maintain permanent contact between ligneous plants and animals, as we have seen 
occurs quite naturally in the Sahel. 
This last observation is made in anticipation of cases where the ligneous component is freely 
distributed to livestock from a certain moment in the year onwards, since in point of fact — and I 
repeat this — the animals by themselves would naturally consume very little in the way of 
ligneous plants throughout the year. When we talk of livestock production we generally think of 
cattle, whereas in fact small ruminants, and especially goats, are very important as regards the 
consumption of ligneous browse. Thus in Oudalan, in Upper Volta a typical part of the Sahel, 
there are 13,000 goats as against 8,000 cattle, to which should be added 3,000 sheep and 900 
donkeys, horses and camels, occupying a study area of some 40,000 ha, representing, I might 
add in passing, a considerable stocking density considering the area. But the point which should 
be emphasized is that goats alone consume 181 of ligneous DM between July and October, as 
against 86 t for cattle, while the figures for the months between November and January are 214 
t and 98 t respectively. 
Moreover, on an individual basis goats consume 183 g of foliage per day by direct browsing 
during the dry season, as against only 136 g for cattle, which only goes to show that cattle do 
not necessarily have a higher intake capacity than small stock. 
As regards thorny species in particular, the large muzzle of cattle prevents them from 
consuming foliage as rapidly as a goat, which has a more elongated snout and lips which are 
more mobile. Hence the problem for cattle is to know whether they would in fact have time to 
consume their full ration in the form of ligneous forage, given 4 to 8 hours of grazing daily 
(Nebout and Granier). 
Personally I do not believe that cattle are able by themselves to take in any very substantial part 
of their feed ration by browsing directly on trees. On the other hand, they are better than goats 
at consuming many of the deciduous parts of the ligneous plants which fall to the ground and 
are sometimes blown by the wind into hollows, tufts of grass or bushes. These deciduous parts 
represent nearly four times the quantity consumed during the first 3 months of the dry season 
(see above — November, December and January). These parts consist of anything that was 
previously out of reach of the livestock, but also of whatever was not palatable at the green 
stage but may be eaten with pleasure when dry (Combretum micranthum, Calotropis 
procera, although goats consume the latter at the green stage, etc.). This observation, which 
has also been verified for grass species (e.g. Loudetia spp. which are left at the green stage but 
are found to be palatable as dry feed) should also be included as a component of the 
management of ligneous plants. This traditional type of utilization, which as we have seen would 
be better termed natural, involves little intervention on the part of man, at least as regards a 
purely pastoral perspective. 
On the other hand, the herdsman who uses his stick to shake down pods or other fruit from the 
tree cannot be accused of not acting entirely on behalf of his livestock, and it is my belief that 
this kind of activity is perhaps rather difficult to improve, given the present extensive nature of 
the rangeland, for the following reason: 
Fruit is classically regarded as having a high nutritive value, especially the pods of legumes. 
However, this quality, which emerges as a result of chemical analysis, has for the most part 
been noted in seeds which have been broken down by mechanical grinding, whereas this is 
very far from being the case when they are munched by cattle, when the majority of seeds 
ingested in good condition pass straight through the digestive system without breaking down. 
This fact has become well known since seeds recovered from faeces have been particularly 
subject to research owing to the fact that they are more likely to germinate than normal seeds, 
in which a marked period of dormancy has usually been induced. 
The seeds digested are thus primarily those which are malformed, a few seeds which the 
molars have been able to grind down during rumination, but more especially those which have 
been eaten away by parasites, which are very frequent in some years. 
Thus Poupon, at Fété Olé in the Ferlo area of Senegal, noted the development of parasites 
in Acacia senegal during the fruit bearing period of 1971–72, as represented in Table 3 below: 
Table 3. Seed infestation 
Dates % infested seeds Observations 
14-2-72   0 Seeds appeared 
28-2 14.3   
13-3 27.0   
14-4 40.4   
17-5 69.9   
12-6 78.7 Practically all seeds 
dropped 
Thus nature preserves a certain quantity of seeds, and ensures that dissemination takes place, 
although in some years the level of infested seeds may reach almost 100%. 
Nevertheless, in restricted grazing areas the recovery of the ligneous stratum is primarily based 
on seeds. Granier, in Niger, gives figures of 84% for seedlings, as against 16% for sprouts or 
suckers, and I have found similar values in the Oudalan area of Upper Volta, around the edges 
of land subject to flooding during the rainy season. 
One should therefore be careful before advocating the grinding of seeds distributed to animals, 
as is for example done in the Maghreb with carob beans (Ceratonia siliqua). As regards fruiting, 
we should point out that the `rejuvenation' of ligneous plants by cutting or lopping severely 
disrupts the process of bearing fruit, although if often gives rise to a staggered production of 
green matter during the dry season, and sometimes throughout the entire dry season in 
favoured localities such as depressions and the edges of ponds, etc. 
I have observed Guiera plants whose new shoots were devoured by cattle, sheep and goats 
right the way through the dry season. Nevertheless in cases such as these the problem of the 
productivity of plant material still arises. It is certainly better to preserve the production potential 
of 50 to 150 kg of pods per adult Faidherbia albida, than to lose the potential in return for foliage 
obtained by lopping which will severely threaten the future production potential of the tree. The 
same situation applies for Balanites aegyptiaca, which can produce 45 kg of fruit per adult tree 
(Granier, 10 measurements). 
Of course it should be pointed out that fruit production varies considerably between one year 
and the next. It is nevertheless true that this element of the feed supply provided by ligneous 
plants is fundamental, especially since it is always available during the dry season, which is not 
the case for foliage. Finally, to conclude this section on traditional utilization, we should return to 
the question of the effect of burning on the production of ligneous species (cf Gardenia above). 
In the Sudanian zone in the broad sense burning, whether it occurs late or early, will almost 
always result, within a maximum of 2 to 3 weeks, in the growth of new foliage. This re-growth 
will be virtually normal for the pyrophytic species of the savanna. If the entire stock of dried 
grass in the neighbourhood has not been destroyed, the feed balance of livestock will benefit 
substantially especially since leaves which have wilted under the influence of the flames will fall 
to the ground and become directly accessible to animals. This type of management method has 
been tried out experimentally and is now being applied in practice in the Adamaoua, for 
example. It is also a frequent method (whether natural or not) in cynegetic areas. 
On the other hand in the Sahel zone, still in the broadest sense, only fires occurring early in the 
season will have the same effect, and the cost is the destruction of grass which is a basic 
necessity for feeding during the dry season. Luckily, fires such as these are becoming 
increasingly rare at the beginning of the dry season, and are also less and less likely to occur as 
the season progresses and grass becomes scarcer and scarcer, thus soon becoming 
inadequate to allow fire to spread over large areas. After this first part of my paper, which has 
primarily taken the form of a few thoughts, the second part will enable me to put forward a few 
management proposals. 
  
3. Possible methods for the management and utilization of ligneous 
plants 
Given the very varied climatic conditions of pastoral areas concerned with the utilization of 
ligneous plants, no one can claim to develop a blanket model. Moreover, the phenological 
behaviour of species varies increasingly as the environmental conditions become harsher. 
Thus, whether the year is a good one or a bad one, the species of the southern Sudanian zone 
will bud, flower and bear fruit at more or less the expected time. For some species, however, the 
quantity of fruit will vary considerably. These species classically present considerable variations 
from one year to the next and include Syygium guineense, Annona sengalensies, Ximenia 
americana, etc. 
By contrast, in the Sahelian zone some phases of the cycle may disappear altogether under 
certain climatic conditions (Baobab trees in Oudalan have been seen without flowers or 
fruit, Commiphora africana also seen without flowers and fruit and Grewia bicolor without fruit, 
both the latter species at Fété Olé). Pests, and especially locusts, can also considerably reduce 
output in some cases. However, for ligneous plants it is fortunate that there is a certain delay 
between difficult rainfall conditions and adverse effects on the green phase, at least. This is 
because the re-growth of vegetation largely depends on the reserves accumulated during the 
preceding growth season. A problematic rainy season will obviously shorten the green phase, 
but its real impact will fall rather on the phenology of the following year. Poupon (1979) indicates 
clearly that `after an exceptionally dry year, ligneous plants take some time to recover their 
productive capacity'. 
Despite these observations, the ligneous plants of the arid zone may be considered as less 
subject to variation than the grasses, and hence easier to manage. 
3.1 Management of natural formations 
The first problem to arise is that of the perennial nature of the ligneous part of formations used 
by pastoralists, and the question of its relation to any possible level of bush encroachment on 
the one hand, or the desirable level on the other. From a more classical point of view and 
especially during the recent dry years, thought has been turned towards the reconstitution of the 
ligneous cover, a problem which really arises in terms of regeneration, a subject we shall tackle 
at a later stage. 
However, it is also necessary to devote some thought to rangelands, not all that rare, where the 
opposite situation exists and it is necessary to combat invasion by ligneous species, especially 
some species which are uninteresting from the pastoral viewpoint (such as Harungana 
madagascariensis, for example, or Lantana spp). 
As regards this issue, I have demonstrated in Cameroon that burning off practices cannot be 
relied on to maintain the balance if the stocking level is fairly high. 
Similarly, chemical arboricides are very difficult to use owing to the considerable variations in 
phenological behaviour of the many species which have to be eliminated, a factor which makes 
it impossible to apply treatment at the optimum moment for more than two or three species at 
the same time. Thus elimination by manual or mechanical means is the only remaining method. 
First of all let us take manual methods, which can be selective and consist of the herdsman's 
hatchet, which day by day has a possibly vast influence on the environment. The increasing 
rareness of herdsmen, already indicated above, does not give much grounds for relying on this 
method, although it is only one which really allows the preferential treatment of better species. 
Secondly there are mechanical tools of very varied kinds, consisting of chain saws, Landais 
rollers etc, of which the classical type is the rotary cutter, but these methods already represent a 
certain degree of intensification in pastoral methods. The most relevant type of case at the 
moment is, as we have already said, where there is a requirement for the protection, 
encouragement and re-establishment of trees, as is the case throughout the Sahel. 
3.1.1 Protection 
Under the heading of protection come all the measures helping to protect trees and shrubs from 
destruction, and also from a drop in productivity caused by excessive utilization of the ligneous 
plants available. The range thus includes the classical weapon of protective legislation on the 
one hand, and the rationalization of the methods by which feed resources are taken on the 
other. 
Legislation ranges from draconian regulations such as those prohibiting the mere carrying of a 
hatchet in some areas, to laws of little practical value, such as those listing protected species, or 
which cannot be enforced, such as the blanket prohibition of burning. Giving an account of 
these measures and the various commentaries made on them would involve us in lengthy or 
even endless diversions (on the question of burning for example) and for an example I shall 
take only the question of species protection. 
Every country has its list of species which are protected, often without being clear as to what 
degree of protection is required, so that the freedom to interpret often allows a repressive official 
the chance to penalize offences according to his mood of the moment, even well intentioned 
offences such as those connected with medicinal purposes. What is more, it is common 
knowledge that palatable species can in fact be used, and how! 
It is thus imperative to specify details such as these and to turn government officials into 
sources of information and extension of the acceptable methods enabling even protected 
species to be used. These protected species are used in any case by herdsmen, at least during 
periods of drought, since it is inconceivable to allow a herd to starve to death next to a crown in 
full leaf or fruit. 
The question of technique is also important because there can be no doubt that excessive 
offtake from trees is a highly problematic aspect and a decisive factor in determining official 
attitudes towards protection. Here we should make a distinction between three contrasting types 
of methods: 
The first type consists of felling and cutting back, methods which frequently lead to the death of 
the tree except when it is young, in which case the ability to put out new shoots and suckers 
remains high and the tree is replaced by a mass of short stems which are directly accessible to 
livestock. Where stocking rates are high these new shoots are inevitably condemned to 
extinction. 
On the other hand, where stocking rates are controlled this method, which results in the 
relegation of all ligneous plants to a low stratum, provides an easy solution for the utilization of 
ligneous plants. In the Adamaoua our most utilized plots from the point of view of ligneous 
plants were all used in this way (Daniella olivieri, Piliostigma thonningii, etc.) with periods of 
alternate stocking and rest for the enclosures concerned. Under these conditions the drop in 
productivity is not very great, and plants which have grown too high can be felled once every 2 
or 3 years by manual or mechanical means. In the Sahel this method should be used in 
moderation, since the tree is needed as such for protecting the environment against erosion, 
and for maintaining a certain type of grass beneath the tree cover, etc. 
Lastly, the tree is often felled fairly high (1–1.5 m) and in this case it is to be hoped that some 
species will form clump growths which are once again directly utilizable by livestock. Our own 
trials in the Adamaoua showed that for adult Daniella trees there was some difficulty in obtaining 
re-growth, and in particular there was a considerable drop in the yield for each individual (from 
1–20%). I would suggest that this technique is suitable for artificial stands, but with densities per 
hectare which will allow good productivity. 
In any case, many trees in the Sahel (Balanites, Guiera, Bauhinia rufescens, etc.) are 
maintained in this form, consisting of low-level clumps, by livestock themselves, with or without 
initial intervention on the part of the herdsman. In areas with a high density of ligneous plants 
(depression, edges of swampland, etc.) this technique should be considered as a favourable 
one. 
The second type of method includes lopping (partial or total) and pollarding: these are the 
traditional practices frequently held up for justifiable criticism, since they often lead to the death 
of the tree. The question has therefore been whether, by moderating the intensity of lopping, it 
would be possible to achieve a sound management method. In the Oudalan area, a trial plot 
was set up for Acacia seyal, in order to compare the following treatments on the basis of the 
periodic growth in the circumference of the stem: 
a) a control batch which was not lopped; 
b) lopping of one third of the crown, with complete separation of branches; 
c) the same treatment, but leaving the branches attached at their base; 
d) lopping of half of the crown, with separation of branches; 
e) pollarding, with separation, of branches. 
As the treatment was carried out every year, polloding was effected in 1, 2, or 3, years 
according to the treatment given, and the experiment lasted somewhat over 3 years altogether. 
During the second year one batch of stems were cut at a height of 1 m and a further batch at 
ground level. The plantation consisted of adult trees which were all the same age. 
It became apparent that the criterion of development of the circumference could be used for this 
type of study, but in the final analysis it is also necessary to take into account partial or complete 
losses through decay and, in quantitative terms, the number and vitality of new shoots and 
suckers. 
The conclusions of the study were as follows: "The lopping of Acacia seyal in the Sahel zone 
becomes damaging if carried out too intensively or repeated in consecutive years on the same 
tree. The production of new shoots after lopping is plentiful during the first year, but afterwards 
rapidly diminishes. Lopping one third of the crown produces a higher growth in the diameter 
than that of the control batch during the first year, but the difference reduces and falls to a lower 
level than the control group in subsequent years. As regards growth in diameter, the least 
harmful lopping method during the 3 years of observations was that involving one third of the 
crown, with complete separation of the branches. 
However, observations on Acacia seyal which had been subject to `umbrella-type pollarding' 
and were not included in the experiment, showed a high level of re-growth for shoots in the 
centre of the lopped part of the tree. Pollarding produces high mortality very quickly (40% of 
trees remain alive a year and a half after pollarding). Cutting Acacia seyal at ground level or at 1 
m from the ground should be forbidden in the Sahel, since the stumps die off a few months 
afterwards. 
"Hence the conclusion is that the pollarding of trees as generally practiced by herdsmen, 
although favourable to livestock feeding, gradually destroys the tree flora in the Sahel zone, and 
particularly affects adult Acacia seyal trees. 
Moreover, since the study was extremely limited it did not really enable a different type of 
lopping to be indicated, i.e. one which would be able to guarantee the perenniality of individual 
trees. The crowns take a very long time to recover when this drastic form of intervention, namely 
cutting off the branches, is carried out, and annual activities of this kind, even if only partial, 
cannot be recommended. On the other hand, the pruning of smaller branches affords quite 
different possibilities". 
The third type of method involves pruning and trimming (superficial elimination). These terms 
correspond more closely to what should be aimed for, particularly the second, trimming, which is 
associated with trees which are processed especially to supply foliage. Pruning is only 
synonymous with trimming when the rule is respected whereby only branches which do not yet 
contain heartwood are cut. In both cases only the cutting of small branches is involved, and at 
the threshold with which we are concerned the best method is without doubt to cut only the 
leaves (blades and leaf stalks), so as to preserve as far as possible the buds and meristematic 
system of the plant, on which its growth depends. 
This method can often be implemented by simply beating the crown of the tree, and this is often 
done for harvesting the pods of Acacia or other seeds. Obviously this method is a more 
demanding one as regards working time than lopping or felling, but it is the only one to show 
prudent management of the environment, `en bon pére de famine', as the French legal 
expression so aptly puts it. Any other attitude simply shows irresponsible and exploitative 
behaviour completely lacking in respect towards an environment which, after all, belongs to 
`other people'. There is really no need to explain to herdsmen the harm which they are doing, 
since they are generally very well aware of it. What is needed is social education in the strict 
sense, whereby a sense of conservation of the common welfare, or even the good of other 
people, is inculcated. 
This said, I repeat that trimming can usually by carried out with a stick, particularly where tall 
trees are concerned. Once again in Cameroon, using tall samples of Daniellia, the daily ration 
was distributed in 1 or 2 hours by two herdsmen for about 30 animals. A single herdsman can 
thus implement this kind of distribution, taking his time throughout the day, especially as from 
the point of view of the livestock this activity does not rule out the direct consumption of 
accessible supplies. In the last analysis, we may ask whether the tree pruner should not 
became the basic tool of the herdsman, instead of the machete or the hatchet. 
Many observations have been made with regard to the details and ways and means of 
intervention, but there have also been experiments which mean that operations in this field need 
not be completely `blind'. Amongst the most recent trials still in progress I shall cite those 
reported by Le Houérou in the Niono area of Mali. They were aimed at establishing: 
a) utilization patterns; 
b) the effects of trimming; 
c) the effects of cutting back. 
The main conclusions concern Combretum aculeatum and Cadaba farinosa, are as follows: 
a) the more frequent the pattern of utilization the lower productivity falls, and this tendency does 
not appear to be compensated by the higher feed value of the forage harvested; 
b) total utilization has a damaging effect on yield, as compared with partial utilization; 
c) protein content is in inverse proportion to the frequency of utilization. 
We have already shown that adult leaves have a high protein content. As regards trimming and 
cutting back as applied to Pterocarpus, these methods can enable the utilization period to be 
prolonged into the second half of the dry season. Trimming at the outset of the cool, dry season 
has better effects than when carried out in the middle of the dry, hot season, whereas cutting 
back "is thought" to have the reverse effect. In any case it was always true that trimming gave 
higher yields than cutting back, although this emerged less clearly for Acacia 
seyal. With Faidherbia albida trimming proved to be a far better method than cutting the larger 
branches, and intervention at the outset of the dry season also appeared more favourable than 
when carried out at the height of the dry season. 
3.1.2 Beneficial activities 
I referred above to the need to promote the `tree component', and the milder methods of foliage 
utilization are relevant in this connection. Measures intended to replenish stands, as we shall 
see below, are of a similar nature and purpose. However, in this connection I am reminded of 
the vast amount of needed propaganda for promoting a respect for what one might call tree lore 
in general, but especially for trees naturally occurring "in the bush". A tree which has been 
introduced cannot have the same symbolical value, especially since there have been so many 
"days of the tree", which have been expensive without leading to any tomorrows. 
3.1.3 Replanting 
In the broadest sense the problem of whether to regenerate by natural means or not is a 
question of the tree component, and here a prerequisite should be indicated: "there can be no 
reconstitution of forest stands in the Sahel without restricted grazing". And these restrictions on 
grazing should be seen as nothing other than one of the components of the overall 
management of pastoral resources, which for the sake of the future of the environment should 
be a constant and basic principle of everyday management. 
The grazing restriction should also be extremely flexible, varying from total protection for several 
consecutive years against burning and grazing, to temporary forms of protection at the end of 
the wet season or the dry season, for example, depending on the stage which regeneration has 
reached. 
Stage of regeneration. Under natural conditions and provided that seeds are locally present, 
most new plants originate from seeds, as has already been said and as is clearly shown by 
grazing restriction. From this point of view it is a good thing if the rainy season can 
begin without the soil having an excessive grass cover, since this indicates that the land has 
been used by livestock, who will have brought seeds and dung and mixed the two together 
enough to stimulate germination. 
A few short grazing spells by cattle may subsequently be tolerated if they can be controlled so 
as to reduce the grass cover, but small ruminants and especially goats should be completely 
banned. As I have already said (Sedagri/IEMVT seminar, 1975): "Livestock do not cause adult 
ligneous formations to decline and frequently even overgrazing can lead to a degree of shrub 
invasion which is harmful to the grass formation. Small ruminants should thus be considered 
primarily as the enemy of reforestation, whereas the forest conservationist is able to make the 
best of them and even to see them as an aid to cleaning up the lower strata of plant formations". 
Moreover, it is not beyond the bounds of imagination to believe that the process of regeneration 
can be helped along, and no attempt will be made here to list the many facts known about this 
subject. However, under relatively extensive systems the planting of seeds, whether treated or 
not, may be envisaged on soil which may be either tilled or not as the case may be, using the 
recognized indigenous species. 
Attempts might also be made to establish cuttings, but it should be remembered that although 
many plants can propagate via cuttings under experimental conditions, the difficulties under 
real-life circumstances are enormous, and became increasingly acute as the environment grows 
in aridity. 
Le Houérou mentions nursery trials which are still in progress in the Niono area of Mali, using 
various cuttings and root stock fragments of the following varieties: 
Combretum aculeatum, Acacia seyal, Faidherbia albida, Sclerocarya birrea, Bauhinia rufescens, 
Ziziphus mauritiana, Pterocarpus lucens, Balanites aegyptiaca, Cadaba farinosa, Grewia 
bicolor andBoscia angustifolia. 
For my own part, in the Oursi area (300 mm rainfall annually) during 3 years of experiments, 
trials were carried out on Euphorbia balsamifera and Commiphora africana with a view to 
building hedges which would also be able to provide some relief for the other palatable species. 
More specifically, activities focused on research into cutting sizes and optimum planting dates. 
The conclusions of the trial were as follows: "The strike rate for cuttings, which was very low 
throughout the 3 years, may be linked with the lack of water in the soil owing to abnormally low 
rainfall during the last three rainy seasons (387.6 mm in 1976, 288.8 in 1977 and 298.1 in 1978, 
plus 250 in 1979), according to measurements taken at the places where the cuttings were 
planted". There is no doubt that under these conditions the prospects of carrying out a proper 
study are rather uncertain, and we shall make further attempts to gain more specific information 
on these topics under more favourable conditions (at Dori which has 500–600 mm). Cuttings 
planted near the camp in 1979, and watered regularly experienced no problems in striking. 
Nevertheless, with regard to E. balsamifera it transpired that cuttings with small diameters take 
root better than those with larger diameters; however, it would be difficult to come to any 
conclusion on this subject for C. africana, which must be protected against termites. As regards 
the length of cuttings, the longer ones, more entrenched in the soil, show a better ability to take 
root. 
Finally, as regards planting dates, it was clearly shown that very early dates are not necessarily 
counterproductive. For this particular area mid-May seems entirely suitable. 
It was obvious that cuttings planted in August gave better immediate results as regards taking 
root, but the roots did not go deep enough and when the dry weather arrived, strikes quickly 
died off. This emphasizes the limits which may be expected as regards climatic conditions, and 
it should not be forgotten also that as regards density the determining factor is local 
evapotranspiration conditions. For example, without certain specific conditions (accessible 
groundwater, depression, etc.), it is hopeless expecting to achieve a cover of more than 25 to 
30% with Faidherbia albida when rainfall is less than 500 mm. 
Intermediate stage. Once this initial establishment phase, lasting 2 to 4 years, is over, a second 
intermediate phase occurs in which the terminal shoots are out of reach of cattle but the stems 
are still not thick enough. Small ruminants, and specially goats, should still be absolutely 
prohibited, since they are capable of nibbling the bark and cambia through to a depth of 2 cm 
(Markoye, northern Upper Volta, 1975, Eucalyptus camaldulensis, 30–35 cm in diameter). 
Similarly, I was able to measure bites taken by large goats at a height of 2 m. They are true 
acrobats. 
Trees of 3 or 4 m in height can be bent by goats and sheep, which then destroy the crown and 
often the whole tree, which does not recover its upright position. 
Adult stage. Once they have become sufficiently resistant the trees can be placed in contact 
with any animal, man alone being still capable of responsibility, or rather blame, for their 
demise. 
However, during the previous two stages and especially the second, it will have been possible 
to "train" trees to become more accessible to livestock by forming coppice or clump growths at 
various levels, etc. 
It should also be possible to start appropriate trimming and harvesting operations during the 
intermediate stage, and these may normally be continued at the adult stage. 
3.2 Management of artificial stands 
This subject is a large one to tackle and a vast amount of knowledge is already being applied to 
combat the enormous problems which remain to be solved. 
Of course the supply of seeds and the scarification methods referred to earlier come under 
artificial methods, but in the present context I am thinking more specifically of the results of 
planting previously prepared seedlings or cuttings. 
This kind of intervention is applicable to dry or irrigated land, and the choice of plant material will 
thus vary considerably. We shall deal only superficially with this aspect, by outlining a few 
general rules regarding reforestation in the dry inter-tropical zone: 
1. There is the possibility of planting local or exotic species, wherever annual rainfall 
exceeds 800 mm. 
2. Between 800 and 500-600 mm it is possible to plant local species and very occasionally 
exotic species. 
3. Below this level, reforestation will involve only local varieties, propagated primarily by 
means of restricted grazing. 
4. In all cases, costly schemes undertaken for production purposes should be carried out 
only on good soils. Soil and environmental protection measures will almost exclusively 
depend on restricted grazing. 
This said, once planting has been carried out the initial measures taken to obtain the necessary 
annual harvest will occur at an early stage. The reforestation measures to be undertaken will 
depend on the following choices: 
a) direct utilization by the animal, or not; 
b) green feeding (in the area itself or in enclosures), or harvesting followed by preservation. 
The planting methods (hedges, clumps, etc.) will depend on these initial choices, as also will the 
densities, although the latter are often determined by environmental conditions. 
I am deliberately leaving aside the question of extensive or intensive utilization, because the first 
alternative would seem impossible for the management of a plant formation of this kind. Even 
direct utilization by livestock cannot be implemented without firm instructions as to utilization 
dates, maximum stocking densities and the type of livestock acceptable (e.g., excluding goats 
while the plants are still young). Generally speaking there are three remaining alternatives: tall 
stems, clump growth at high or low level and coppice growths. 
In cases where the stems are tall harvesting should be carried out manually (leaves or fruit) by 
means of trimming or beating, assuming that the manpower and materials necessary are 
available. This method will usually be unsuitable for forage preservation, but better suited to on-
the-spot distribution of the harvest. 
This system should hardly ever be advocated unless it is hoped periodically to harvest timber for 
construction (rather than firewood) in addition to animal feed. The other methods enable 
firewood also to be gathered. 
Clump growths permit either manual harvesting (the easiest method) or direct utilization by 
animals, in the case of low-level growths, but this presupposes effective control of the herd. 
If this is not the case, a high-level clump growth should be used instead of coppice growths, 
since the latter, as we shall see, also presuppose effective control of herds, especially during 
the budding stage. This type of treatment requires early intervention and an initial cut at the 
desired height 2 or 3 years after planting. Approximately 1 year later the same treatment should 
be carried out for seedlings under natural regeneration conditions. Herds will be able to make 
fairly rapid inroads into clump formations, the heads of which can be thinned out by immediate 
distribution to the animals, while at a later stage the remaining shoots can be harvested and 
stored before the leaves reach maturity. 
For our purposes coppice growth are neither more nor less than clump growths at ground level. 
As such they will be selected owing to their greater ease of utilization and in cases where there 
is total control over the rangeland. Only one example need be given of what is possible in this 
field, and it is an example which, despite the fact that it is from a temperate country, is 
completely transferable, having features resembling those of the areas with which we are 
concerned. In addition it will draw attention to the qualitative and quantitative advantages which 
ligneous plants may have, even in comparison with the classically accepted forage crops. 
I am referring to the study on the nutritive protein value of poplars, including the economic 
prospects for their utilization, carried out by Carlier (1978). 
In this introduction he points out that, out of the 18 base amino acids, 5 are absolutely 
indispensable to animal life but cannot be synthesized by animals. Out of these 5, which are 
leucine, lysine, methionine, phenylalanine and tryptophan, lysine, which is necessary for good 
growth, is the most important for herbivores because it is the only one for which there is a feed 
deficiency risk, since the content of this substance in plant protein is very variable and often low, 
in many cases lower than in animal protein, which contains 6–12%. Under intensive hothouse 
conditions 2,500 kg/ha of proteins have been obtained (over seven times more than in a crop of 
Lucerne), but only 200 kg (1,500 kg of dry leaves) were obtained under poor conditions (such as 
drought, harvesting while the leaves were still at the development stage rather than at maturity, 
1-year-old plants which were still too young, etc). 
Although it makes a good green feed for goats, this feed source, which is valued at 0.8/0.9 FU 
per kd of DM, is freely consumed dry without any digestive problems for sheep and cattle also. 
Here we again come across a factor which we have already indicated previously, namely the 
possibility of consuming dead leaves which, in contrast to dry grass, retain a protein value which 
is still significant. 
As regards the study of proteins as such, Carlier specifies the origin of the samples used as 
follows: "The young leaves were harvested on 15 June 1976 on the '1214' plantation of the 
Domaine de l'Etancon. They had not yet reached full development; some leaves at the tips of 
branches had not yet fully opened and presented the reddish colour which is typical of very 
young blades in this variety. Older leaves from the '1214' plantation (from the same source) 
were harvested on 10 October 1976. The plantation has two quite different areas: 
a) In the first area the soil is maintained in good condition by mechanical tilling once a year. It 
has been fertilized every 4 years since the zone was set up in 1966; the trees are about 12 m 
high, 18 cm in diameter (at 1.30 m) and have abundant supplies of leafy branches. 
b) In the second area the soil, which is covered with tall grasses, has never been fertilized. The 
trees are 5 to 6 m high, stunted (diameter is 8 cm at 1.30 m) and their branches have only a 
small number of leaves. 
The other samples were taken from the enclosure for stock plants at the Domaine on 12.10.76, 
when some of the leaves at the base of the branches were beginning to turn yellow. All the 
leaves and branches represented the year's growth on stock plants which are cut back to 
ground level each autumn. It was not considered appropriate to take samples during June, as 
was done for the '1214' trees, because the shoots growing from the stumps only begin to 
develop during this period of the year, reaching maximal development only a few weeks before 
the leaves fall. Work would have been carried out on non-lignified wood and leaves which were 
very underdeveloped. The number of leaves increases as the stem grows longer. The soil in the 
enclosure is tilled once a year with a small rotary cultivator and is fertilized almost every year". 
The results are given in Table 4 and Figure 1, which show total DM, protein and lysine contents 
of different clones and species of poplar and other crops. 
Table 4. Comparison of protein and lysine production (per ha/year) 
Poplars Age of 
roots 
(years) 
Kg of Green 
wood/ Year 
(Av. 10 % 
stock 
% Dry 
content 
Dry wood 
(10,000 
stocks) (kg) 
Dry leaves 
(10,000 
stocks) (kg) 
Protein per 
ha/ year/kg 
Kg lysine 
per ha/year 
1214 2 
3 
4 
0,520 
2,000 
1,870 
51.2 10,250 
10,250 
 9,550 
8,400 
8,400 
7,800 
1,290 
1,290 
1,230 
 54.7 
 54.7 
 52.2 
Dorskamp 3 
4 
1,630 
1,320 
47.0  7 650 
 6,200 
6 250 
5,100 
  756 
  617 
 29.4 
 24.3 
Rochester 2 
3 
4 
0,580 
1,120 
0,840 
53,5  
 
 6 000 
 4 500 
 
 
4 900 
3 700 
 
 
  429 
  324 
 
 
 18.1 
 13.6 
Oxford 2 
3 
4 
0,740 
1,240 
1,380 
55,3  
 
 6 850 
 7 500 
 
 
5 700 
6150 
 
 
  536 
  578 
 
 
 22.5 
 24.3 
Tricho-
Matsqui 
2 
3 
4 
0,680 
1,290 
1,300 
50,3  
 
 6 500 
 6 550 
 
 
5300 
5 350 
 
 
  503 
  508 
 
 
 19.3 
 19.5 
Delt Mass 2 
3 
4 
0,640 
1,980 
3,100 
47.6  
 
 9 400 
14 800 
 
 
7 700 
12 100 
 
 
  924 
1 452 
 
 
 34.3 
 54.1 
Delt Gram 2 
3 
4 
0,600 
1,350 
1,420 
54.8  
 
  7 400 
  7 800 
 
 
6 000 
6 400 
 
 
  522 
  557 
 
 
 18.5 
 19.7 
Raspalje 2 
3 
0,790 
2,000 
53.8  
 
10,300 
 
 
8 400 
 
 
  823 
 
 
 30.6 
Huunegem 2 
3 
0,800 
2,340 
51,7  
 
12 000 
 
 
9 800 
 
 
1 166 
 
 
 45.1 
Lux 2 
3 
0,740 
1,950 
51,0  
 
9 900 
 
 
8 100 
 
 
  705 
 
 
 28.4 
Soja             230  16.56 
Wheat               60    1.14 
Maize             110      .99 
Luzerne             340   16.66 
P. gelrica 2         2 500 132 
P. trichoc. 2         1 700   76.5 
p. tremula 2         1 300   60 
 Figure 1. Comparison of lysine content in protein from traditional crops and varieties of Poplar 
The conclusions are as follows: 
1. Protein feed value of poplars. According to the analysis carried out its has been shown:  
a) that the total protein content of dry poplar leaves lies between approximately 9% (Deltoides, 
Grammont) and 15-16% ('1214'), with an exceptional result of 19% (Koreans); 
b) that the protein contains large quantities of vital amino-acids (methionine, leucine, 
phenylalanine and lysine); poplar leaves are thus a good supplementary feed for livestock, a 
very valuable source of whole protein (especially lysine, a lack of which provokes arrested 
development); it should be noted that sheep show little interest in green leaves, but they will 
freely eat leaves which have fallen and turned brown, apparently without any digestive 
problems; 
c) that the protein content of stems appears generally low and that the protein does not contain 
methionine. 
2. Economics of utilization of a high-density coppice of poplars. If the protein and lysine 
production of a coppice with a density of 10,000 stocks/ha is studied (and the density can be 
increased to higher levels), the following measures should be taken: 
a) in the first year the cuttings should be planted and their shoots should be cut back after the 
leaves have fallen;  
b) during the second year fertilizers should be applied, the soil should be weeded and cutting 
back should be again, carried out without any appreciable crop being possible; 
c) In the third year (or the fourth for some varieties), large quantities of leaves can be harvested 
for use either in direct feeding (for example in the form of pellets with a low water content, 
similar to Lucerne pellets), or as a source of whole protein, or as the raw material for lysine 
production. 
The production of protein with a high nutritive value from a coppice in which the soil is 
maintained in good condition and fertilized annually with 75 to 100 units of N, P and K is —
whatever the variety of tree used —always higher than the best results obtained from traditional 
agricultural crops. The quantity of lysine extractable from the protein is equal in the worst cases, 
and three times as great or more in the best cases, to that obtained from Soya or Lucerne. 
The production of livestock feed, plant protein or lysine from a copse of poplars is thus an 
operation in which profitability is guaranteed. In particular it is this last part, more concerned with 
forestry, which concerns us, since the majority of varieties which we possess should perform 
well in copses. 
Moreover, there is no shortage of varieties (Neem, Calotropis, Boscia, Eucalyptus, etc,) which in 
the green stage are less appreciated than poplar except by a few animals with "depraved", 
tastes, whereas they may be suitable for use when dry. 
No doubt spacing problems will have to be reviewed and the first cut for establishment purposes 
will have to be adapted to the initial growth speed, but it will remain a basic principle that only 
leaf crops for development purposes will be gathered and the harvest will be annual even if we 
have to wait 2 years (which will be an exception) for the coppice growth to become vigorous 
enough to be cut. On this simple basis alone, a large field of experimentation lies open, with, for 
example, a possible beginning on Albizzia lebbeck in the Niayes area of Senegal. 
Finally, it should be borne in mind that for some species with small leaves or foliages 
preservation for forage is complicated by the fact that they easily fall from the tree, so that 
delicate handling is required. 
4. Research topics 
The whole of the present paper inevitably points to the discovery that there is a considerable 
lack of information, although in some fields this is very far from being the case. 
Scientific publications throughout the world, for example contain large quantities of chemical 
analyses, frequently interpreted for feed value, and which adequately establish the qualitative 
value of tree feeds, so that this aspect has become a commonplace. From the simple point of 
view of forestry, few species pose any difficult technical problems as regards introduction, and 
the ecological limits are generally well understood. Even the problem of species introduction has 
been thoroughly tackled almost everywhere, although in strict terms it is an unlimited subject, 
especially as concerns the question of varieties or even that of the origin of plant materials. 
However, the quantitative aspects are very little understood, and in more specific terms 
knowledge is lacking on: 
a) overall production of ligneous plants in individual species and formations (biomass in the 
broad sense of the term); 
b) the intake capacities for different types of domestic animal, in as closely defined a 
relationship as possible with the grazing time available, and the question whether the animal 
feeds directly on the plant or is assisted. 
As regards the qualitative aspect, it is now necessary by some means or other to raise the level 
of sophistication in these studies. Thus, the amino acid, and especially the lysine, contents of 
protein should be studied in greater depth, and amongst other things this might be a 
determining factor in the choice of species used in artificial plantations on dry or irrigated land. 
Lastly, from the point of view of forestry, I mentioned above that the questions of variety and 
species should remain a constant preoccupation, but the details of treatment for each species 
also remain to be clearly defined. In particular, under extensive conditions where lopping will for 
many years remain the rule, the trimming methods which will be put forward as a substitute 
should be more clearly defined, both from the point of view of timing and also from that of the 
intensity with which these measures are carried out. 
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Planting and management methods for browse trees and 
shrubs** 
H.N. Le Houérou 
Principal Scientist, International Livestock Centre for Africa 
1. Introduction 
The precise extent of areas covered by plantations of ligneous species suitable for browse 
throughout the world is not known, but it is certain that they amount to millions of hectares. 
Amongst the most frequently cultivated species the following spineless cacti should be 
mentioned: Opuntia ficus indica f. inermis, O. inermis, O. robusta, O. fuscicaulis, Nopalea 
cochenillifera. 
Spineless cacti plantations suitable for browse cover over 300,000 ha in NE Brazil, probably 
nearly 200,000 ha. in N. Africa, 100,000 ha in Sicily and considerable areas in S. Africa, S.W. 
Madagascar, Mexico and Texas. The honey locust tree, Gleditschia triacanthos, and the false 
acacia, Robinia pseudoacacia, are planted in arid areas with a temperate climate and play a by 
no means inconsiderable role in browse supply. 
The carob tree in the Mediterranean area should also be noted, as well as the mulberry tree in 
various tropical, subtropical, Mediterranean and sub-Mediterranean-climates, while Leucaena 
leucocephala is expanding fast in humid tropical areas, as also are the phyllodineous Australian 
acacias in various countries, especially around the Mediterranean, Atriplex species in several 
arid Mediterranean, north and south American areas, and the saaul or Haloxylon species 
and Calligonum species in arid areas of Asia. Prosopis and Parkinsonia spp. in south America 
(Chile), India and some of the hotter arid zones of the world, and finally the African acacias, 
especially Faidherbia albida, A. senegal, A. tortilis, A. nilotica, as well as other species, 
including Mediterranean and tropical legumes, have an undoubted value in terms of animal 
feed, especially for marginal agricultural areas in the arid or montane zones. These species 
include Medicago arborea, Coronilla glauca, Hedysarum argentatum, Cassia sturtii, 
Pithecellobium dulce, P. saman ( = Samanea saman), Tipuana speciosa ( = Macarium tipu = 
Tipuana tipu). However, these species are not yet planted over large areas. 
Finally, the olive tree should not be omitted. It covers approximately 8 million ha in the 
Mediterranean basin (of which 3 million lie in North Africa), S. America and California, while its 
branches and leaves after pruning are distributed to livestock, at least in Mediterranean areas. 
The same also applies to American vines such as Vitis rupestris, V. berlandieri, V. riparia and 
their hybrids, which serve as rootstocks for cultivated vines (V. vitifera) since the phylloxera 
crises of 1850–1880. Their prostrate habit, their good ground cover and palatability make them 
ideal species for combating erosion in montane livestock production areas. 
2. Choice of species 
The choice of species depends primarily on the ecological and specially the bio-climatic 
conditions of the areas to be planted. The conditions can be summarized in rough terms as 
follows: 
2.1 Arid zone with a cold winter climate (central and southwestern Asia): 
Haloxylon persicum, Haloxylon aphyllum, Calligonum polygonoides, Calligonum spp. (C. 
arborescens, C. caput-medusae, C. pellucidum, C. setosum, C. clatum and C. eriopodum), 
Salsola paletskiana, Salsola ritcheri. 
2.2 Arid zones with a temperate climate: 
Robinia pseudoacacia, Eleagnus angustifolia. 
2.3 Semi-arid Mediterranean areas (400 < P < 600 mm): 
Acacia cyanophylla, Ceratonia siliqua, Gleiditschia triacanthos, Medicago arborea, Coronilla 
glauca, Morus alba, Vitis spp. Opuntia ficus indica, Eleagnus angustifolia. 
2.4 Arid Mediterranean areas (100 < P < 400 mm): 
Acacia cyanophylla, Acacia salicina, Acacia ligulata, Acacia victoriae, Acacia aneura, Opuntia 
ficus indica, Atriplex nummularia, Calligonum comosum, Calligonum azel, Calligonum arich, 
Periploca laevigata, Chenopodium auricomum, Artemisia herba alba, Prosopis juliflora, Atriplex 
canescens, A. halimus, A. lentiformis, A. semibaccata, A. glauca, A. repanda, A. atacamensis, 
Prosopis chilensis, Parkinsonia aculeata, Maireana brevifolia, M. sedifolia, M. pyramidata, M. 
astrotricha, Cassia nemophila var. coriacea (=C. sturtii). 
2.5 Semi-arid and arid tropical areas: 
Acacia senegal, Faidherbia albida, Acacia nilotica subsp. indica, Acacia 
tortilis subsp. tortilis subsp. raddiana, subsp. spirocarpa subsp. heteracantha, Parkinsonia 
aculeata, Desmanthus virgatus, a. bivenosa, A. linaroides, A. tumida, Combretum aculeatum, 
Bauhinia rufescens, Ziziphus mauritiana, Zizphus mucronata, Z. spina-Christi, Z. joazeiro, 
Nopalea cochenillifera. 
2.6 Sub-humid and humid tropical areas: 
Leucaena leucocephla (= L. glauca), Samanea saman (= Pithecellobium saman), 
Pithocellobium dulce, Morus alba. 
2.7 High-altitude tropical areas (> 1500 m in height): 
Morus alba, Opuntia ficus indica, Nopalea cochenillifera, Atriplex nummularia, Atriplex halimus, 
Atriplex canescens, Ormocarpum trichocarpum, Canthium bogoensis. 
2.8 Bio-climatic subdivisions 
These broad categories should be subdivided on account of the wide diversity of local bio-
climate in terms not only of temperature but also of rainfall and humidity. The latter in particular 
is likely to play a very important part, and some examples are given in what follows. 
Dry tropical regions are not all equal in terms of ecology, especially as a function of the rainfall 
regime, which can be mono-modal or bimodal and of air humidity, which may be higher or lower. 
Cacti and Atriplex species, for example, cannot be established in the Sahel zone, even with 
rainfall reaching 400–600 mm. On the other hand, they are widespread in the Cape Verde 
peninsula, in the Cape Verde islands, in East Africa, as well as in NE Brazil, with rainfalls lower 
than 400 mm. However, in Cape Verde, East Africa and NE Brazil average daily air humidity is 
never lower than 40%, whereas it is lower than this level for over 6 months each year in the 
Sahel. 
Another example may be taken from the Mediterranean zone. Cacti do not become established 
over 1200 m in altitude, or more precisely, wherever average minimum temperatures in January 
are lower than 1°C. On the other hand, the mulberry and the honey-locust and the Russian olive 
withstand very low winter temperatures. Phyllodineous Australian acacias are sensitive to frost, 
whileAtriplex species are not, although the resistance to drought is comparable. 
2.9 Soil 
Obviously, the nature of the soil also plays an important part; Atriplex varieties with the 
exception of A. canescens require loamy to clayey soils with an alkaline reaction, while 
phyllodineous Acaciasneed sandy soils or at least well drained soils, as also do cacti; the 
oleaster is much better at withstanding clay soils and temporary water logging than the 
cultivated olive. The white saxaul (Haloxylon persicum) requires sandy or even duny conditions 
while the black variety (H. aphyllum) prefers loamy soils with some salt content, etc. Faidherbia 
albida needs deep well-drained soils, preferably sandy (e.g. dior soils), while A. 
senegal, although preferring sandy conditions, can, if need be, adapt to vertisols. A. 
nilotica and A. seyal, on the other hand, behave entirely differently, the former preferring clayey 
riverbank conditions while the latter is more inclined to open depressions where clay is present. 
Many further examples could be given. 
2.10 Management 
The choice of species also depends on the production system envisaged, for example: pure 
pastoralism, transhumance, sedentary systems, agropastoral systems, arable farming, 
extensive or intensive systems. The type of system in turn depends on socio-economic factors 
such as the abundance or scarcity of labour, its quality and its cost. Generally speaking 
plantations of browse trees and shrubs are better adapted to sedentary semi-intensive systems 
where labour is plentiful, relatively inexpensive and where the level of management of range 
and herds can be assessed as medium to good involving fencing, control of stocking rates and 
grazing rotation. 
However, in some cases where animal products of local origin reach very high prices, which are 
of course artificial, such as some of the oil producing countries, it is possible to establish 
plantations at very high establishment and utilization costs. 
3. Propagation techniques 
Establishment techniques depend on the species under consideration and on local ecological 
conditions. The main methods used are: 
a) direct drilling; 
b) planting out of young plants raised in the nursery; 
c) planting rootstocks; 
d) planting out cuttings, before or after the roots have been set; 
d) grafting. 
3.1 Direct drilling 
Direct drilling is used only for a small number of species, generally those with low height and a 
high rate of germination with rapid development from the seedling stage. This is the case 
for: Atriplex semibaccata, Atriplex glauca, Atriplex canescens (seeds removed from their 
wings), Haloxylon persicum, Haloxylon aphyllum, Artemisia herba alba. 
Soil preparation generally takes the form of contoured furrows with a greater or lesser amount of 
space between them so as to encourage rainwater penetration to the roots of the young plants. 
Some species require preparatory treatment, amongst which Atriplex canescens for which the 
seed wings are eliminated by hammer mill so as both to remove the inhibition caused by sodium 
chloride and to allow mechanized seed drilling (Springfield, 1967). Direct mechanized drilling 
was also used by Orev (1972) in Israel and Malcolm et al (1980), (included in the proceedings of 
this symposium) in Australia. The latter developed a niche-seeder for the direct mechanized 
drilling of Atriplex and Maireana in western Australia; the trials carried out with this experimental 
implement are the subject of one of the papers presented at this symposium. 
Direct drilling of Haloxylon persicum has been successfully carried out in Iran over relatively 
large areas and at very low rainfall (80–150 mm) in the Kerman region for example (Le 
Houérou, 1975). 
The advantage of direct drilling is obviously its low cost price. 
3.2 Planting out young plants 
However, planting out young plants raised in the nursery, although much more expensive, is 
often preferred, especially in arid areas, since the chances of success are far higher for the 
reason that competition between the trees and shrubs planted can be more easily reduced or 
eliminated and that planting densities are low, so that it is possible to provide one or more 
watering which will help the young plants to recover. The best technique is to concentrate runoff 
waters on the beds to be planted several months before planting out, so as to ensure that the 
minimum necessary reserves of water are in the soil. This is best achieved by means of banks 
with gently sloping sides or by means of blind ditches, etc. 
The method for producing young plants in the nursery is the same as used in all forestry 
nurseries. The young plants should be about 75 to 100 days old when they are transplanted: 
they should not exceed 20 to 25 cm in height nor have a diameter of over 5 mm at the neck. In 
the arid zone it is recommended that the resistance of nursery plants should be strengthened by 
low and infrequent irrigation at least a month before planting out. It is also recommended that 
the above-ground part of the plant should be cut back to 20 cm, and where appropriate, to trim 
the roots. The best length for the polyethylene wrappers is 25 cm and their diameter should be 7 
cm. The containers are filled with a mixture consisting of one-third sand, one-third loam and 
one-third dried sheep dung, with 1 kg/m3 of simple super phosphate. The nurseries should be 
properly sheltered from the wind, a precaution which is too often ignored. Light shading until 10 
to 15 days after emergence is often helpful but rarely necessary for arid zone species. Seed 
scarification before planting is often necessary in order to prevent inhibitions to germination 
caused by seed coats, especially for Acacia and Prosopisspecies. This can be carried out 
mechanically by using scarifiers or by soaking the seeds in boiling water, the proportion in terms 
of volume being 25 to 50% seeds and 50 to 75% water. 
3.3 Propagation by cuttings 
Many species are suitable for propagation by cuttings from the stem or roots, from lignified plant 
material, from root stalks or from young branches. However, this method, owing to its 
sometimes high cost, is often reserved for research work or for the initial propagation of 
ecotypes, populations or cultivars having particular qualities. It is also used in setting up 
orchards using seeds of dioecious species such as Atriplex nummularia so as to obtain the ideal 
minimal proportion of males. Propagation by cutting can be practiced in the nursery or out in the 
field. In the latter case, rooted cuttings may or may not be used. In many cases it will be 
advantageous to use an ancient horticultural practice (which lay behind the discovery of 
phytohormones), namely puddling in fresh cow pats or, even better, utilization of synthesizing 
rhizogenic hormones (Indol Butyric Acid or IBA) (Van Epps and McKell, 1978). An exception to 
the above is the cactus, for which the usual propagation method is by cuttings. However, it can 
also be grafted, especially for research purposes or to accelerate propagation of rare or unique 
varieties or strains. 
Propagation by means of branch tendrils is of course the usual method for propagating vines, 
while rootstocks are one of the most frequently used methods for olive trees. 
4. Planting out 
4.1 Soil preparation 
Preparing the soil for direct drilling depends on current agricultural techniques, consisting of 
establishing an appropriate seed bed. For trees and shrubs, planting out can be carried out 
using furrows or holes preferably along contoured banks with a ploughed strip maintained each 
side of the rows so as to reduce competition from spontaneous vegetation during the early 
stages of establishment. Competition is often a critical factor in the success or failure of a 
plantation, especially in the arid zone. With soils having indurated horizons such as lime-crusts 
or encrustation, iron hardpan and granular (pisolithic) horizons, it is often necessary to carry out 
ripping or sub-soiling in order to break up the hard layer and help water and root penetration. 
Sub-soiling can be contoured, following the intended lines of plantation above and below the 
banks. It is best to carry out sub-soiling one year before planting so as to ensure adequate 
reserves of water in the soil at the time of planting. 
4.2 Plant spacing and density 
Plant spacing and density depend on the species under consideration, on the development 
expected and the management and utilization methods planned. 
Plantations of Faidherbia albida in millet fields (Pennisetum tiphoideum) sorghum 
fields (Sorghum sudanense) or groundnut fields (Arachis hypogaea) should use a density of 50 
trees to the hectare in rows of 10 × 20 m, for example, thereby avoiding the risk of obstructing 
mechanized or tractor cultivation. Olive plantations in the North African arid zone use a spacing 
of 20 × 20 to 25 × 25 m (17 to 25 trees per hectare). Prosopis is planted using spacing varying 
from 7 × 7 to 20 × 20 m (25 to 200 trees per hectare) according to local conditions, especially 
depending on the presence or absence of groundwater. Shrubs such as Medicago arborea, 
Coronilla glauca, Atriplex nummularia, A. halimus, A. lentiformis, A. canescens are planted at 
densities of 500 to 5000 stocks per hectare depending on environmental aridity, the nature of 
the soil and the management method (the rate is usually 1000 to 2000 stocks per hectare). In 
general terms and for a given species, wide spacing encourages fruit production 
(e.g. Ceratonia, Prosopis, Faidherbia, Gleiditschia), while higher densities encourage the 
production of leaf biomass per unit area. 
In some cases the utilization method imposes a certain spacing: thus in the case of browse cacti 
to be used in a cut-and-carry system it is necessary to provide room between the rows for the 
means of transport and harvesting to be used (cart, towing by tractor, lorry, etc), leading in 
practice to a spacing of 5 to 7 m between the rows, although higher densities would provide 
greater production. If on the other hand utilization is to take place by animal browsing, higher 
densities are desirable. But here again it is necessary to leave sufficient space to allow the 
animals to pass through. Of course there will be a difference according to whether cattle or 
small ruminants are involved. 
4.3 Fertilization 
Light basic NPK fertilization of 25 to 50 kg per ha restricted to the rows alone provides a spurt to 
early growth and often enables one or more years to be gained for utilization. However, 
potassium is quite often superfluous. Some species, such as cacti, show spectacular response 
to nitrogen fertilizers, which also appreciably increase the nitrogenous content of forage 
(Monjauze and Le Houérou, 1965). Tunisian peasants producing cactus fruits for market apply 
about 10 t of sheep dung every 2 to 4 years to their plantation, thereby considerably increasing 
yields and shortening the waiting time before the first fruit crop is harvested. 
4.4 Watering and irrigation 
Watering immediately after planting out is always beneficial (it makes the soil round the young 
plants more compact) and is often necessary in arid zones. Watering on two or three 
subsequent occasions may be necessary, depending on local and seasonal conditions. In some 
cases in the arid zone starting irrigation, followed by one or two irrigations per annum during the 
growing season, considerably increases yields, for example for Atriplex, Cacti and Prosopis spp. 
(Franclet and Le Houérou, 1971; De Kock, 1980; Felker et al, 1980). 
For the purpose water which cannot be used in ordinary agriculture because it has too high a 
salt content can be used, especially on Atriplex varieties (Franclet and Le Houérou, 1971, p. 
34). 
4.5 Maintenance 
During the first few years it is always a good idea to reduce or eliminate competition from weeds 
by ploughing a strip 1 by 2 m wide on each side of the planted rows. This practice allows better 
establishment in terms of survival percentages and more rapid growth, resulting in earlier 
utilization which usually compensates more than adequately for the costs (less replanting 
needed and gains in production of one or more years). 
A number of tree species which start with a bushy habit, such as Faidherbia albida, Prosopis, 
Olea europaea and Ceratonia, require corrective pruning and complete protection from 
browsing in order to become strong enough to survive independently and develop a trunk. 
Other species, on the other hand, need to be cut back so as to remain within reach of the 
animals (Leucaena, Atriplex nummularia, A. canescens, Medicago arborea and Coronilla 
glauca). Others with a tendency towards intergrowth need periodic pruning to allow the animals 
access to the centre of the bush (A. halimus and A. lentiformis). 
In most cases it is necessary to enclose plantations so as to avoid damage caused by 
uncontrolled grazing by livestock and even wild animals. It is often an advantage to use live 
hedges for the fencing material since they provide better defence, using species such as 
various spiny cacti (O. dillenii, O. phaeacantha, O. amyclaea, O. rastrera, O. 
streptacantha, and O. megacantha) or alternatively, Acacia horrida, Aberia caffra, Prosopis 
cineraria, P. glandulosa, P. velutina, P. juliflora, P. chilensis, Acacia nilotica, A. tortilis, A. caven, 
A. farnesiana and Acacia seyal. When established in double or triple rows these species rapidly 
become impenetrable barriers protecting the plantations. Spineless varieties and/or 
cactoid Euphorbiaceae with rapid development are also used in Africa, such as Euphorbia 
abyssinica, E. candelabrum, E. tirucalli and E. balsamifera, etc. 
5. Management and utilization 
The management of a plantation depends on many factors, amongst which the species, the 
nature of production (fruit or leaves), the nature of utilization (picking or gathering by man or 
direct browsing by animals or combined solutions such as trimming, polling and lopping, etc), 
and of course whether the production system is semi-sedentary, extensive or intensive. 
Obviously it is impossible to take into account here all the combinations which are possible. 
Generally speaking browse species are primarily important in terms of providing a feed reserve 
during annual bridging periods, for example at the end of the dry season or at the end of the 
winter, and interannual drought periods. 
As a result they must be subjected to varied and methodical utilization. In some cases the 
fruit (Faidheriba albida, Acacia tortilis, Prosopis juliflora and P. velutina) is gathered dry and is 
stored and occasionally sold. The pods of F. albida were selling in April 1980 at MF 50 (US$ 
0.12) per kg on the Malian market (Swift, 1980, pers. comm.) and 45 FCFA (0.23 US$) per kg in 
Senegal in 1980 (O. Hamel, in litt.). Similar activity can be noted in Mexico with the fruit 
of Prosopis velutina (Felker, 1980). 
Species such as F. albida are subject to mixed utilization involving fruit, leaves and wood. This 
is made possible by rotational lopping, where by each tree in turn has one main branch out of 
three or four chopped every 1 to 3 years, as is the case in West Africa, or else branches are 
trimmed every 5 to 10 years, as is applied in both the Ethiopian Rift Valley and in West Africa. 
Most species,Atriplex, Phyllodineous acacia, Leucaena, Medicago arborea and Cacti etc., are 
browsed directly during periods of difficult feed supply or may even be utilized 
continuously (Leucaena). Animals should of course be barred from browsing during the growing 
season for shrubs. 
Other species are sometimes subject to mixed utilization by trimming and stall feeding as is the 
case for spineless cacti of North Africa and for Parkinsonia in the Cape Verde Islands as well as 
the olive and mulberry tree in the Mediterranean. Alternatively the trimmed plant material may 
by left on the ground for the livestock to eat. 
As far as the present author is aware, the intensity of these practices and the intervals at which 
they are carried out has not been studied systematically with a view to optimizing management. 
Generally speaking it can also be claimed that homogenous single species plantations are 
better than mixed plantations. The different species have different biological and edaphic 
requirements and react differently to utilization, so that it is very difficult to obtain rational 
management for each one of them when they are mixed together. 
Mixed Atriplex/Cacturs plantations, for example, always lead rapidly to the elimination of cactus 
owing to selective browsing. This does not mean to say that species diversity may not be 
desirable. Diversification of this kind can easily be obtained by having monospecific plantations 
which are adjacent within the same management unit (farm, ranch, cooperative, etc.). 
Species of moderate palatability, such as Atriplex, are generally utilized twice a year. First 
utilization takes place in spring when the spontaneous species growing between 
the Atriplex rows are at their maximum production level. At this time the animals consume only 
those plants which are still green and palatable. During this season Atriplex species are almost 
completely ignored. The second utilization takes place at the end of summer and in autumn, 
when the natural grazing grasses are dried and have only a mediocre feed value. At this time 
the animals concentrate on the Atriplex rows, and the plants are thus subject to almost complete 
defoliation (Franclet and Le Houérou, 1971). The species used for direct grazing generally need 
periodic cutting back, either for the purposes of rejuvenating and revigorating of aging 
plantations, or else to bring the consumable biomass within reach of the animals (or the two 
reasons at the same time). This is often the case with certainAtriplex varieties (A. halimus, A. 
lentiformis and A. breweri), whose tendency towards intergrowth fairly rapidly leads to a 
situation where a large part of the feed biomass is out of reach of the animals, on the inside of 
the tufts. It should be noted that some species regenerate poorly if cutting back is carried out 
too close to the neck. This is the case for Atriplex lentiformis (Forti, pers. comm., 
1972).Parkinsonia aculeata became senescent at 15 to 20 years, but regenerates vigorously if 
cut back (Le Houérou, 1980; Lepape, 1980). Shrubs can be cut back mechanically by a rotary 
dasher or even with a green fodder chopper-blower. 
Coppice growth produces an abundance of very palatable forage. It should be utilized carefully 
and with moderation so as to avoid exhausting the shrubs and killing them off. In the absence of 
precise data based on systematic trials, it may be estimated that a forage utilization rate of 60% 
constitutes a maximum which should not be exceeded at each utilization. 
The duration of each utilization by browsing should be as short as possible and should not 
exceed one week as a general rule, so as to permit normal regeneration. Utilization should be 
sufficiently intense to avoid wastage and provide a consumption of about 60% of available 
forage. This is particularly important in plantations of spineless cacti utilized by direct browsing, 
in which the animals, especially sheep, tend to waste the feed (joints which are started and then 
abandoned and which then rot away). This danger can easily be avoided by providing a heavy 
instantaneous stocking rate which is lifted after a short period of time. For example, 0.35 ha of 
cactus with a forage biomass of 30 t/ha of green matter will be consumed in one week by a herd 
of 250 sheep, with a utilization rate of 60%. 
Some species, including Faidherbia, Acacia tortilis, A. nilotica indica, Prosopis spp. 
and Ceratonia, are primarily used for their fruit. It is then advantageous to gather the ripe fruit 
which falls to the ground and to store it after air drying. Naturally this means that the animal 
should be kept off the plantations during the harvest. 
Several utilization methods produce at one time or another fairly large quantities of firewood, the 
value of which is often comparable to the feed value. In the case of Leucaena, which is used for 
the manufacture of leaf meal, the wood can be used for fuel to provide the energy required for 
the drying and processing of the products (see the contribution by Beale in the Proceedings of 
this symposium). 
The amount of time which the utilizations last depends on intrinsic factors such as the biology of 
the species under consideration, as well as extrinsic factors such as the environment, the 
occurrence of severe droughts, unexpected cold, flooding, etc, but above all on the 
management and utilization method applied. 
Generally speaking trees have a productive life of 100 years or more. Shrubs generally remain 
productive for less long. Nevertheless I have seen plantations of cactus 80 years old which are 
still productive, as well as plantations of Atriplex nummularia and of A. halimus and Medicago 
arborea aged over 40 years which have been utilized every year since their initiation. The worst 
danger lies in too early a utilization before the plants have reached the adult stage, for example, 
l to 3 years for Atriplex, Medicago arborea, Coronilla glauca, Leucaena, Phyllodineous 
acacia etc, 4 to 8 years forCacti, Prosopis spp., Acacia senegal, 12 to 25 years for larger trees 
such as Faidherbia, Olea, Ceratonia, Gleiditschia, Robinia and Morus. It should be noted that 
some species of dwarf mulberry from Japan can be established in very dense plantations with 
several hundred thousand stocks per hectare. These can be utilized by mowing and cut-and-
carry systems (M. Schenk, pers. comm., 1966). 
6. Feed value 
The feed value varies very considerably as a function of the species considered, the parts of the 
plant concerned (fruit, leaves or branches), the phenological stage of the plant or plant parts 
when consumed by the animal; to these intrinsic factors may be added others linked to the 
animal, such as selectivity, ingestibility, digestibility, type, age and the physiological condition of 
the animal, feeding habits, etc. . 
The best method for measuring feed value is to measure animal performance under a feeding 
regime wholly or partially consisting of the feed to be tested. Current chemical analyses alone 
are totally inadequate. 
Some browse forages are comparable to the best grass feeds, for example Leucaena 
leucocephala leaves and meal, the leaves of Morus alba and Medicago arborea, as well as 
several species of acacia (but not all). 
Some are extremely rich in protein and/or in non-silicate minerals, such as several of the African 
Capparidaceae (Maerua, Cadaba, Boscia Crataeva, Capparis,) Salvadora persica etc. 
Some species or groups of species are deficient in some elements or too rich in others: cacti 
are very poor in protein but too rich in oxalates. Atriplex are well furnished with protein but too 
rich in salts, especially NaCl. For further details see the summary on the feed value of browse 
forages in the Sahel and Sudanian zone of West Africa included in the proceedings of this 
symposium, as well as the paper on browse forages in North Africa, and the contributions of 
Harrington and Wilson and Dicko-Touré on the methods of measuring second production and 
the feed value of browse forages. 
Generally speaking it may be said that browse is rich in protein (12% of crude protein on 
average), in minerals (10%, of which 8% non-silicate and 2% silicate) in B carotene 
(over 150 mg/kg, and sometimes over 500 mg/kg, as in the case of Leucaena, for example). 
The net energy content evaluated on the basis of digestibility averages 3 MJ/kg FM (0.42 FU) 
and is therefore moderate to low. However it varies very considerably, with a dry matter 
digestibility coefficient of about 50% on average, varying from less than 30% to over 70% 
according to the species, the part of the plant and the phenological stage. The net energy 
content thus varies in the same proportions of 2 to 6 MJ/kg DM (0.28 to 0.86 FU/kg Dm). 
7. Agricultural value 
The agricultural value of forage trees and shrub plantations as stabilizers of grazed ecosystems 
is universally acknowledged. The establishment and management of these plantations involves 
a set of techniques derived from agroforestry, although of course the latter is not limited to those 
species which are purely of interest for browse purposes. Many species used in agroforestry 
nevertheless have a browse value. For further details see the contribution on the role of 
agroforestry in the maintenance and improvement of fertility and productivity of soils in the semi-
arid zone, included in the proceedings of this symposium. 
It may be generally stated that forage tree and shrub plantations are an efficient and relatively 
inexpensive method for controlling, reducing or eliminating soil erosion, whether by water or 
wind. 
It has also been shown that plantations increase the organic matter content of the soil and 
hence improve its structural stability, permeability and as a result its water-preservative role. 
In many cases and especially on poor, sandy, siliceous, and moderately leached or acidic soils, 
plantations play a very important part in the cycles of geobiogenic components such as N, P, K, 
Ca, Na, Mg, S and sometimes also trace elements such as Zn, Cu, Bo, Mo and Co. 
The example of Faidherbia albida in West Africa and of Prosopis cineraria in India are 
particularly well documented in the respect. Millet harvests (Pennisetum typhoides) are 2.5 to 3 
times higher, without chemical fertilization, in fields planted with Faidherbia, as against yields 
obtained from crops planted in the full face of the wind without being combined with this tree 
species. In Rajasthan the proportions are roughly the same in millet fields with and 
without Prosopis. Restoring soil fertility by rotating Acacia senegal and sorghum (Sorghum 
sudanense) in Sudan is also an agroforestry tradition which is well established and 
documented. The same may be said of the stable agropastoral systems found in Dehesa in 
southern Spain and the Montado area of Portugal, in which mixed live 
stock raising of sheep and Iberian pigs is made possible by a mixed cropping and grazing 
system in which acorns are used (Quercus iles, Q. faginea, Q. suber). 
In the arid zones a number of browse trees and shrubs are planted to fix and stabilize sand 
dunes and combat wind erosion and desertification. Amongst them: Acacia cyanophylla, A. 
salicina, A. ligulata, A. raddiana, A. senegal and A. nilotica subps arabica, as well as Calligonum 
comosum, Haloxylon persicum, Haloxylon aphyllum, Opuntia ficus-indica and Atriplex 
canescens. 
The reconditioning of saline or alkaline soils rendered such by defective agricultural practices 
(either dryland or irrigation farming), such as are found in the Australian scalds and on other 
land made sterile by overcropping, can be carried out by using halophilic browse species such 
as Atriplex nummularia, A. halimus, A. lentiformis, A. semibaccata, A. glauca, A. vesicaria, A. 
rhagadioides etc. (Beadle, 1948, 1950; Condon R.W., 1960; Malcolm, 1966, 1969, 1971; Gross, 
1952; Franclet and Le Houérou, 1971; Jones, 1966, 1967, 1969; Knowles 1954; Smith and 
Malcolm, 1959; Stannard and Condon, 1958, 1959; Hamilton and Lang, 1978). 
The same species have been used for irrigated forage production using water or soil which is 
too salty for conventional agriculture, for example by using water with an electrical conductivity 
of 10 to 20 mmhos/cm, such as the water draining from the Gabes and Gafsa Oases, in 1963-
66 (Le Houérou, unpublished). 
7.1 Stabilization and diversification of production 
The agricultural role of browse plantations is not limited to maintenance for the reconditioning of 
soil stability, fertility and productivity. They also play a very important part in stabilizing and 
diversifying output. They provide or improve the stability of production by supplying cheap feeds 
during scarcity or drought periods, enabling herd productivity to be maintained. Naturally this 
also enables the diversification of production in mixed agropastoral or agrosylvopastoral 
production systems, and consequently an improvement of the cash flow of the farmer or 
peasant. The latter thus have a more or less continuous cash income throughout the year 
instead of a single annual lump sum at the time when the main or only crop is harvested. This is 
particularly true in the semi-arid zone, where the peasants often practice monoculture and are 
thus subject to exploitation by speculators, precisely because of this irregular cash flow. Browse 
forages and agroforestry in general are thus able to play a fairly important indirect part in the 
socio-economic equilibrium of peasant production systems. Browse plantations are thus a 
potentially powerful tool in rural reconstruction programmes based on an adapted, balanced 
agricultural system which is stable and productive in the long term (Monjauze and Le Houérou, 
1965). 
8. Yields 
In contrast to annual or biennial species, or even to grass species in general, ligneous species 
are characterized by a relatively regular, if not constant, interannual production. As such they 
provide a stabilizing element in pastoral or agropastoral systems. 
This regularity can be explained in terms of the structure and biology of these species. Their 
root system, which is generally powerful, plays a particularly important role. The roots of trees 
and shrubs can often penetrate to a depth of 10 m (Atriplex halimus) and sometimes well 
beyond (Faidherbia albida > 30 m), while live roots of Ziziphus lotus 0.5 cm in diameter were 
found in the arid zone at a depth of 60 m in southern Morocco (Nègre, 1959). 
This powerful root system enables these species to reach levels of the subsoil in which water is 
present, which are inaccessible to grass species, enabling them in particular to make use of 
ground water at a fairly deep level (10 to 40 m in many cases). The root systems and 
sometimes the trunks can also provide an important source of water (Cacti, Baobab, Sterculia, 
Bombax, Brachychyton). 
The perennial nature of these species also enables them to use early or late rainfall or rainfall 
occurring at unseasonal times, which often represents considerable quantities, reaching and 
sometimes exceeding 20 to 30%e of annual precipitation. Early, late or unseasonal rainfall 
cannot generally be used by annual or grass species and in the absence of ligneous plants it is 
lost by evaporation or leaching. 
Other species possess the ability to absorb atmospheric humidity through their phyllodineous or 
cladodial leaves, especially when atmospheric humidity is close to saturation point (usually 
during the night). These species then preserve a large proportion of this moisture during the hot 
hours of the day, by closing their stomata. This is the case for Prosopis (P. juliflora and P. 
chilensis), especially forP. tamarugo (Sudzuki, 1969), for cacti and probably for Parkinsonia 
aculeata. 
Other species also have a highly dispersed surface root system and are thus able to capture 
minute quantities of moisture on the surface of the soil (drizzle, dew and hidden condensation). 
This is the case for olive trees, cacti, Calligonum, Haloxylon and many psammophytes. Browse 
plantations, usually established on good soil, are often highly productive and production of 20 to 
30 t of DM/ha-1/year-1 for spineless cacti have been cited, although they are more usually around 
3000 to 10000 kg/ha–1 /year–1 (Monjauze and Le Houérou, 1965). Atriplex plantations in North 
Africa and the Near East produce 1250 to 5000 kg of DM/ha–1/year–1 of forage (Franclet and Le 
Houérou, 1971; Le Houérou, 1975). Plantations of phyllodineous acacia (A. cyanophylla, A. 
salicina, A. victorfae and A. ligulata) have a forage production of 1500 to 6000 kg of DM/ha–
1/year– 1. 
Plantations of tree Lucerne in the semi-arid zone produce 3000 to 6000 kg of DM/ha–1/year–
1 (Hamrouni and Sarson, 1974). Olive trees produce 1000 to 3000 kg of DM/ha-1/year-1 of leaves 
and twigs (Le Houérou, 1962). Generally speaking well established and managed plantations 
have an annual per hectare production of 5 to 10 kg of consumable DM for each mm of rain 
fallen. In the tropical African zone production data on plantations are much more rare and 
frequently the data are unreliable, having been obtained as isolated occurrences in time and 
space. A classical example of this is the production of Faidherbia albida pods. The literature 
gives figures of 50 to 150 kg/tree/year for individual adult trees. But it should be made clear that 
these figures have been obtained (generally on tall untrimmed trees) by single measurements 
during a specific year. When a colony of Faidherbia is studied over several years figures which 
are a great deal more modest are obtained, owing to seasonality and the genetic heterogeneity 
of the colonies: 7 to 10 kg of DM/ha–1/year–1 (Cissé, 1978,1979 and 1980). Admittedly the 
colonies studied (Segou, Markala and Mopti) consisted of trees which were subject to periodic 
trimming. The foliage production, which is about the same as the pod production, should 
therefore be added. It is therefore highly probable that the interannual average for a nontrimmed 
colony of Faidherbia is more likely to be in the order of 20 to 25 kg/tree–1/year–1 than the 80 to 
100 kg suggested by the literature (in zones receiving 400 to 800 mm of average annual rainfall, 
thus the southern Sahelian and northern Sudanian zones). At 20 kg/tree/year, at a rate of 50 
trees per hectare, production would thus be 1000 kg/ha–1/year–1, i.e. a carrying capacity of 2.5 
sheep/ha–1/year–1, or 0.5 TLU/ha–1/ year–1. 
In the arid and semi-arid zones of West Africa, plantation shrubs can produce 0.5 to 2 kg per 
year, or 500 to 2000 kg of consumable DM/ha–1 /year–1 (Le Houérou, 1980; Lepape, 1980; 
Hamel, 1980). The figures were obtained on Parkinsonia aculeata, Prosopis 
juliflora, Acacia linarioides, A. holosericea A. pyrifolia and A. tumida, giving 2 to 5 kg of DM/ha-
1 /year-1. 
In the subhumid and humid African tropics production of Leucaena is from 6 to 12 t of DM/ha–
1/year–1 of forage (Savory and Beale, 1980; Taylor, 1980). 
In the Guinean derived savanna zone of Ivory Coast, Audru (1980) cited a production system 
combining Leucaena and Panicum maximum which was economically viable and socially 
suitable for extension to peasants. It used a carrying capacity of 2 TLU (500 kg) per ha, or 1 
TLU/ha when a combination of Leucaena and Brachiaria ruziziensis was used. 
9. Enemies, pests and parasites 
Damage in plantations can be important in terms of area and time. The main enemies to 
plantations are easily domestic animals, especially goats and camels. It is therefore essential to 
protect plantations by effective enclosures (barbed wire or live hedges). Wild herbivores can be 
a limiting factor in some areas of East or southern Africa. The main pests encountered are: 
Plant parasites: Phoelipaea (Orobanchaceae) on Atriplex, a root 
parasite; Loranthaceae on Acacia: Tapinanthus spp. 
Insects: Acrididae. Weevils (on the fruit of African acacias, 
especially A. tortilis); Cochenilles: Dactylopius opuntiae on cacti; Lepidoptera: the cactus 
moth: Cactoblastis cactorum. 
Mammals: Rodents' Psammomys obesus on Atriplex and cacti. 
10. Exploration, evaluation and utilization of genetic resources 
Browse species almost always consist of populations which have not been subjected to any 
genetic selection or manipulation by man. Many of them (although not all) are highly 
heterogeneous as regards their desirable properties in terms of feed, for example: 
a) palatability; 
b) ratio of leaves to stem; 
c) chemical composition and nutritive value; 
d) fruit bearing potential and quality of fruit. 
Highly interesting preliminary work has been carried out, for example in Greece by Liacos et al 
on Quercus coccifera (see Proceedings of this symposium). Another example is the selection of 
anAtriplex halimus ecotype with high palatability in Tunisia (no 70100) by Sarson. Further 
examples are given by Felker using American Prosopis spp. (see Proceedings of this 
symposium) where the author found very great differences according to origin as regards 
attributes such as fruit production, sugar content of fruit, etc. The work of Plummer 
on Atriplex canescens has shown the extraordinary diversity of this taxon. 
It seems obvious that, in the future, attention will have to be focused on the selection of 
provenance, ecotype or cultivars in accordance with certain criteria relating to productivity, 
quality, palatability/ingestibility nutritive value, ecological adaptation, amongst the species 
already cultivated. 
But there also exists a relatively high number of species which appear to be of great potential 
interest but are not yet chosen for planting in North Africa; these are: Artemisia herba alba, 
Hedysarum argentatum, Cytisus arboreus, C. mollis, Echiochilon fruticosum, Gymnocarpos 
decander, Withania frutescens, Colutea istria, Cytisus battandieri, C. triflorus, Periploca 
loevigata, Coronilla valentina, Fraxinus excelsior, and Chenopodium auricomum (Australia). 
In tropical arid and semi-arid Africa the following are of interest: Acacia tortilis spp. tortilis, 
raddiana, spirocarpa, heteracantha, Combretum aculeatum, Bauhinia mfescens, Ziziphus 
mauritiana, Baphia baequartii, Colophospermum mopane, Brachystegia spiciformis, Maerua 
crassifolia, Cadaba farinosa, Canthium bogoensis, Ormocarpum trichocarpum, Justicia 
salvioides, Markhamia obtusifolia, Boscia minimifolia, Cordeauxia edulis, Pterocarpus lucens. 
Amongst exotic species there are grounds for researching the species of the arid and semi-arid 
zones of India and Northeastern Brazil for tropical zones, as well as southern and western 
Australian species, together with those of California and Central Chile for the Mediterranean 
zone. 
It is also relevant to note that some species which behave remarkably well in their natural 
habitat have always given mediocre or negative results when removed from this range. This is 
especially true of the argan tree (Argania sideroxylon) and of the tamarugo (Prosopis 
tamarugo). Similarly, Maireana sp. (Kochia), although well developed in southern Australia have 
always given poor results in North Africa. Other species, on the other hand, adapt very well 
outside their own spontaneous habitat, amongst which many Atriplex, Acacia, 
Morus and Vitis sp., Prosopis juliflora, Cacti, Parkinsoniaand Leucaena. Many of these do not 
reseed spontaneously outside their natural habitat although they may develop excellently. This 
is the case for Atriplex nummularia and for most of the phyllodineous Australian acacias. The 
latter characteristic is at one and the same time a disadvantage, in terms of regenerating 
plantations, and an advantage, since it avoids the risk of invasion.Prosopis juliflora has become 
an aggressive invader in some areas of Rajasthan, as also some species of cacti in 
southwestern Madagascar, southern Africa, eastern Ethiopia and Australia. 
11. Gaps in knowledge and research priorities 
The gaps in knowledge are many as regards feed value for many of the species used in 
managed plantations or natural populations. Knowledge is also inadequate as regards the 
genetic variability of the main species, their biology and their reaction to various management 
methods such as trimming, lopping, pruning and cutting back. 
For Faidherbia albida, which is without doubt the best known Afro-tropical species, almost 
nothing is known on the best management and utilization methods. Is it more advantageous to 
use it for its fruit or for its leaves and wood? What is the optimal periodicity for trimming, lopping 
and pruning? 
Consequently, the priorities for research should be focused on the following: 
a) nutritive value, ingestibility, digestibility, animal performance; 
b) biology and reaction to various management methods; 
c) genetic variability and research on strains or clones meeting certain production or adaptation 
criteria. 
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Introduction 
The Senegalese Forestry Research Institute has planted a collection of acacias previously 
unknown to Africa on a number of stations characteristic of the Sudanian and Sahel area of 
Senegal. A crop of Australian seeds was used, procured in 1973 by the Centre Technique 
Forestier Tropical in cooperation with the Australian Forestry Timber Board. Most of the seed 
introduced came from the Northern and West Australian territories, the climatic conditions with 
regard to the Australian seeds and the Senegalese sites chosen for introduction are briefly 
described in Annex I to this paper. 
The species introduced were as follows: 
a) from Australia: A. bivenosa, A. coriacea, A. dunnii, A. farnesiana, A. holosericea, A. 
inaequilatera, A. aff. Linarioides, A. monticola, A. mountfordae, A. plectocarna, A. pyrifolia, A. 
sclerosperma, A. spathulata, A. tenuisissima, A. tetragonophylla, A. tumida; 
b) from the Maghreb: A. cyanophylla, A. Cyclops, A. salicina. 
Nursery production 
Raising these Acacia spp. in the nursery poses on particular problems. Direct pot sowing (2 
seeds per pot) gives very good results, with an excellent germination rate. 
Depending on the site it may be necessary to use shading during the period before the 
phyllodes appear, i.e. for about a fortnight, but usually the resistance of these species means 
that this precaution is not necessary. The nursery stage lasts about 3 months. The only 
precautions necessary are on the health side, against cutworm and nematodes. The latter 
precaution is important since, like all acacias, these species are sensitive to nematodes, and the 
risk of infestation on virgin land resulting from the introduction of these species is considerable. 
Furthermore, nematodes prevent the formulation of rhizobia nodules and thus inhibit their 
nitrogen-fixative capacity. Nematicide treatment also accelerates the development of the plants 
in the nursery. 
Ongoing research at the ORSTOM Soil Microbiology Laboratory in Dakar in collaboration with 
the Centre National de Recherches Forestières/ISRA is focusing on the selection of species 
with good nitrogen-fixative properties, on the selection of successful rhizobia strains and on 
inoculation in the nursery. Inoculation will enable the nursery stage to be shortened while still 
providing high quality plants. The behaviour of rhizobia when planted during the dry season is 
also under study. 
Since 1979, direct drilling trials in the natural environment have given highly encouraging 
results, raising hopes that planting the species will prove to be inexpensive. 
On-site behaviour of species 
2.1. Bambey site 
Soil: the soil is known locally as "deck dior", consisting of deck soils (vertisols with a temporarily 
moist soil climate, lithomorphic soils with massive intergrade surface structure consisting of 
ferruginous soils) but with a much lower clay content in the upper horizons. Plant spacing: 3m × 
3m; the plants were holed manually in large seed holes (60 cm × 60 cm × 60 cm). 
The plants introduced in 1974 and 1976 (see Annexes 1 and 2 for detailed results) have 
enabled an initial idea of the behaviour of these species to be gained: 
a) A. cynophylla plants died; 
b) A. farnesiana, spathulata, tenuisissima and tetragonophylla are in the process of dying; 
c) A. coriacea, dunnii, inaequlatera, monticola, mountfordea, plectocarpa and pyrifolia are 
surviving but their performance is mediocre; 
d) A. bivenosa, holosericea, linariodes, sclerosperma and tumida are behaving satisfactorily. 
Since 1976 a comparative trial on behaviour and production between local and Australian 
acacias has been launched, giving us a clearer idea of their suitability (see the results recorded 
in Table 1) 
Table 1. Comparative trial on behaviour and production of local and Australian acacias: results 
of measurements at Bambey site, 1976. 
  12/1976 7/1977 12/1977 5/1978 12/1978 6/1979 12/1979 
  H % H H s H s H s H s H s % 
A. seyal 108  94 154 168 13 181  9.8 239 22.3 283 29.0 294 30.8  93 
A. senegal   68  98 124 160 10 188 11.5 240 26.3 272 29.6 279 31.8  98 
A. raddiana   89 100 129 161  9 189 13.0 228 24.0 278 32.4 283 33.7 100 
A. 
holosericea 
  60  97 138 200 13 200 13.9 305 33.0 332 40.0 336 44.0  96 
A.linarioïles   88  88 199 229 17 186 21.4 251 61.3 256 65.3 264 67.1  81 
H = height (in cm) s = section (in cm 2) 
Variance analysis has demonstrated that since December 1977 the production of Acacia 
linarioïdes and holosericea has been significantly higher (5% theshold) than local acacias. 
In this trial the spacing used was 3m × 3m and it appears that for all species competition 
become acute in December 1979. The stands were therefore thinned out to 3m × 6m in 
February 1980, and the data gathered at that time are recorded in Table 2. 
Table 2. Comparative trial on behaviour and production of local and Australian acacias: data 
collected during thinning of stands from 3m × 3m to 3m × 6m at Bambey site, 1976. 
Species Weight 
(kg) of 
dry 
leaves 
per 
tree 
Weight 
(kg) of 
dry 
leaves 
per 
hectare 
Weight 
(kg) of 
wood 
per 
tree 
Production 
(t) of wood 
per 
hectare 
Production 
(t) of wood 
per 
ha/year 
Production 
in steres 
per 
hectare 
Production 
in stere 
per 
ha/year 
A. seyal   208  229   4.39   4.8 1.6 18.3   6 
A. senegal     60    66   9.92 10.9 3.6 36.5 12 
A. raddiana   130   143   5.89   6.5 2.1 24.1   8 
A. holosericea 2660 2926 12.03 13.2 4.4 36.5 12 
A. linarioïdes 1993 2192 10.65 11.7 3.9 54.7 18 
It should be noted that measurements were carried out in the middle of the dry season, a time at 
which local acacias have lost a large proportion of their leaves, whereas Australian varieties 
mostly keep theirs. 
It emerges clearly that wood production is higher in Australian varieties and that leaf production 
at this time of the year could contribute significantly to livestock feeds. 
2.2. Bandia site 
Soil: vertisols and brown eutrophic soils on alluvial clays and zoogenic limestones. The plant 
spacing used was 4.5 m × 4.5 m, after subsoiling with cross lands to a depth of 50 cm. 
The plants introduced in 1977 (see Annex 4 for detailed results) gave results very similar to 
those at Bambey. Thus: 
a) A. cyanophylla, Cyclops and tenuisissima died; 
b) A. dunnii, monticola, pyrifolia and tumida may or may not survive; 
c) the performance of A. plectocarpa and salicina has to be verified; 
d) lastly, A. bivenosa, coriacea, holosericea, linarioïles and sclerosperma gave interesting 
results (A. bivenosa, coriacea and sclerosperma are forming hybrids). 
A. farnesiana, mountfordae and inaequilatera were only introduced at Bandia in 1979; their 
behaviour is therefore not yet significant. 
Comparison of the best Australian varieties with local plants gives the results found in Table 3, 
but it should be empahsized that here the aim of the trial was to study the behaviour of each 
species individually and that, as a result, there were no replicates for comparison. Thus, Acacia 
nilotica and Prosopis juliflora are high as Acacia linarioides, but A. holosericea is the most 
productive of all. 
Table 3. Results of comparison of best Australian with local species. 
Species 12/1977 6/1978 12/1978 6/1979 11/1979 
  H % H H s % H s H s % 
A. bivenosa 1538 57   95   93 145 10.1   93 179 14.9 216 28.1   93 
A. coriacea 1460 58 100 105 171   9.8 100 219 20.8 264 31.9 100 
A. holosericea 1459 43 100 144 278 24.4 100 284 19.2 382 63.7 100 
A. aff. linarioïdes 1466 90   96 120 255 19.4   96 265 13.9 355 45.7   96 
A. sclerosperma 1525 59   97   99 154   9.1   97 210 16.8 251 27.2   97 
A. nilotica var. 
adansonii 
65   99 104 195 12.2   97 230 14.2 305 41.5   97 
A. raddiana 55 100   53 121   3.2 100 174   6.1 258 18.7   97 
A. albida 30   99   35   70 –   98 108 – 121 –   92 
Prosopis juliflora 87   99 125 243 11.8   99 307 23.7 379 40.1   99 
Prosopis cineraria 40   99   45   92 –   96 124 – 200 –   92 
Direct drilling trials gave the results shown in Table 4. These results may be considered highly 
encouraging. 
Table 4. Results of direct drilling trials. 
Species Treated 
seeds 
Untreated 
seeds 
Final site 
occupied by a 
plant 
Laboratory 
Germination 
Acacia linarioïdes 28% 21% 80% 92% 
Acacia bivenosa 20%   9% 58% 94% 
Acacia holosericea   8% 10% 52% 97% 
Acacia tumida 47% 32% 96% 60% 
Acacia senegal   1%   0%   5% 50% 
Acacia nilotica 38% 25% 89% 40% 
Acacia raddiana 11%   3% 63% 11% 
Acacia seyal 14% 12% 55% 89% 
Acacia albida 47% 33% 87% 72% 
Prosopis juliflora 13% 5% 44% 88% 
2.3. Keur-Mactar site 
Soil: this site, located on the edge of a salt pan, has a large variety of soils with more or less 
pronounced salinity and hydromorphic features. They are characterised by a gradual transition 
from bare soil with Salontchaks to a plant cover consisting of Combretum, via a grass cover and 
an Acacia seyal stand. The original mangrove swamp and its surrounding vegetation probably 
vanished during the last century. Spacing: the spacing used was 3 m × 3 m; the soil was tilled 
manually and large seed holes were dug (60 cm × 60 cm × 60 cm). 
The 1977 trial (for detailed results see Annex 5) was intended to enable a number of Australian 
acacia species to be selected for colonizing soils of this kind. To this end six types of soil cover 
were defined: 
a) pure salt pan (Ps); 
b) salt pan with grass cover (Sg); 
c) soil with Acacia seyal (Sa); 
d) soil with Combretum (Sc); 
e) soil with Parinari (Sp); 
f) bottom-land (BI);. 
The results recorded were as follows: 
a) A. holosericea and linarioïdes behaved quite remarkably throughout the entire range, 
especially A. holosericea, the performance of which on salt pan is astonishing, to say the least, 
and may be even suspect; this variety was also the only one to tolerate bottom-land (see Figure 
1). 
b) A. bivenosa and sclerosperma gave interesting results on soils with A. seyal, while A. 
plectocarpa did well on Combretum soils. 
c) A. tumida, pyrifolia and monticola did not appear to adapt. 
The 1978 trial dealt with the forestry methods applicable to these species, from the point of view 
of both browse and forage production on ferruginous hydromorphic soils with a pre-existing 
plant cover consisting of Combretum. The first trial tested spacing of 3 m × 3 m, 3 m × 6 m and 
6 m × 6 m, using a Latin square layout with Acacia linarioïdes as a control batch. 
Spacing 12/1978 6/1979 12/1979 
  H % H % H s % 
3 m ×3 m 82 100 177 99 251 45 99 
3 m × 6 m 81 100 169 99 268 67 93 
6 m × 6 m 84 100 165 99 268 77 95 
 Figure 1. Behaviour of A.. holosericea and A. linarioides. 
The differences on the section recorded in December 1979 are highly significant. It may be 
noted that these individuals are already as well developed as the Acacia linarioïdes plants of the 
1976 trial at Bambey. We may thus assume that foliage production is also about identical after 
18 months. 
A second trial launched in 1978 focused on the different possible methods for harvesting the 
wood and the foliage biomass (felling, cutting back, trimming, stripping, etc). Different forms of 
utilization were applied for the first time in February 1980 and are to be staggered until July 
1980. The first results for trees 18 months old subjected to utilization in February and to a 
spacing of 3 m × 3 m were as follows: 
  Weight of 
leaves per 
tree 
Weight of 
leaves per ha 
(3m × 3m) 
Weight of 
wood per tree 
Weight of wood 
per ha (3m × 
3m) 
A.linarioïdes 1845g 2029g 5.25 kg 5.77t 
Thus it was concluded that the weight of leaves after 18 months was approximately identical to 
that of the Bambey plantation in 1976 after 36 months. 
A third trial launched in 1979 was intended to test direct drilling techniques in the field. 
Rates of germination resulting in viable plants. 
Soil: edge of salt pans. 
Species Treated seed Untreated seed 
A. holosericea 51% 28% 
A. bivenosa 34% 14% 
A.linarioides 45% 42% 
Prosopis juliflora 27%   7% 
A. seyal  8%   1% 
Ferruginous soils: soils with Combretum 
Species Treated seed Untreated seed 
A. holosericea   2%   1% 
A. albida 27% 14% 
It was found that the resistance of young plants is closely linked to the soil type. Other kinds of 
trial will be launched this year. 
2.4. Linguere site 
Soil: brown-red subarid intergrade soils and ferruginous tropical soils. Plants were introduced in 
1974, but unfortunately the low quantity of seed which we had available at the time only enabled 
us to plant about 10 individuals for each species. In any case the poor planting, maintenance 
and follow-up conditions have led us to discount these introductions as insignificant. 
2.5. Mbiddi site 
Soil: brown-red subarid intergrade soils and poorly developed ferruginous tropical soils. The 
species introduced were A. holosericea, A. linarioïdes, A. bivenosa, A. pyrifolia and A. 
tumida. All species developed spectacularly during the first year, but unfortunately there were 
considerable losses during the second year for A. holosericea and tumida. A. linoarioïdes, 
bivenosa and pyrifolia are surviving at present without showing any noticeable progress. More 
detailed research will be carried out in this area during this year. 
Following these different adaptability tests, which will moreover be continued, the following 
selection may be put forward: 
a) highly interesting species: A. holosericea and A. linarioïdes; 
b) interesting species: A. holosericea, A. sclerosperma and coriacea; 
c) species which show promise but will have to be confirmed: A. plectocarpa and A. salicina; 
d) species for which we do not have enough experience: A. inaequilatera and A. mountfordae; 
e) species not selected for the moment: A. dunnii, A. monticola, A. pyrifolia and A. tumida; 
f) species which do not adapt: A. farnesiana, A. spathulata, A. tenuisissima, A. tetragonophylla, 
A. cyanophylla and A. Cyclops. 
3. Suitability of species 
3.1. Browse 
There is not doubt that the primary suitability of acacias is for browse. The persistence of the 
leaves throughout the year and the abundant foliage contrast strongly with our traditional 
acacias. 
Feed value analyses have been carried out by the ISRA Laboratoire National de l'Elevage et de 
Recherches Véterinaires (see results detailed in Table 5). 
Table 5. Feed value analyses (in% per kg of dm) of leaves collected on 12 December 1979 at 
Bandia. 
Species Dry 
matter 
Mineral 
Contents 
Nitrogen 
extract 
Fat 
matter 
Cellulose Nitrogen 
free 
extract 
Insoluble 
hydrochloric 
acid 
P Ca 
A. holosericea 
- dry leaves 644   60   78   40 389 433  6 0.15 15.9 
- green leaves 477   63 141   87 386 323  4 0.85 16.1 
A.linarioïdes 471   72 146   50 326 406  4 1.55 17.5 
A. bivenosa 322 218 162   30 209 381 12 1.03 61.8 
A. sclerosperma - 199 140   41 314 306 13 1.36 50.5 
A. coriacea 352 190 126   40 276 368   3 1.01 48.0 
A. plectocarpa 419   89 147   75 304 385 31 1.51 32.2 
A. salicina 288 147 181   60 238 374   4 1.45 37.0 
A. tumida 423   72 157   67 302 402 20 1.50 19.2 
A. pyrifolia 391   43 157   53 368 389   2 1.01 16.8 
A. monticola 502   64 132   88 275 441 14 0.95 10.5 
A. dunnii 412   92 139 123 346 300   7 0.77 21.6 
A. tenuisissima 490   48 120   90 342 400   3 0.87   8.8 
A. cyanophylla 346   87 151   71 328 263   3 1.33 26.4 
Prosopis juliflora 352 110 211   67 303 309 10 1.86 21.0 
Prosopis cineraria 419   60 135   45 389 371   5 1.69 11.8 
Compare: Acacia 
albida 
410   86 171   30 215 498 41 1.37 14.1 
Obviously there are variable differences between the species in terms of contents of primary 
elements, but all varieties contain valuable levels of nitrogen, higher than 12% and reaching 
18%. Three species have a clearly higher level of minerals, especially calcium, than the others: 
first Acacia bivenosa, then Acacia sclerosperma and Acacia coriacea. 
In addition pod harvests were carried out during February 1980 and are currently being 
analysed. 
Finally, the palatability of all these acacia species was tested during December 1979, under the 
following conditions: a makeshift enclosure round four trees of the same species in which two 
head of cattle or three sheep were pastured for one or two days at the most. Thus the 
spontaneous palatability was tested and the results were as follows: 
  Cattle Sheep 
A.linarioïdes P P 
A. bivenosa NP NP 
A. sclerosperma NP NP 
A. coriacea NP NP 
A. plectocarpa P P 
A. salicina PP PP 
A. pyrifolia P P 
A. monticola P P 
A. tumida PP PP 
Prosopis juliflora PP PP 
Prosopis cineraria PP PP 
The results presented here are the first ones carried out at a time when the animals still have 
grassland available in satisfactory amounts and are in a generally good state, but probably they 
would behave differently if all they could obtain was dried grass which was scanty and poor in 
feed value. Also, two further tests will be carried out in March and June and it should be noted 
that, as regardsAcacia holosericea the palatability test was positive when the leaves were 
offered to the animals dry. 
Pending the results of the various palatability tests as well as of production experiments using 
harvesting by trimming, pitching and felling, and pending the launching of trials to determine 
overall feed biomass (grass cover plus browse) as a function of spacing — and hence the 
forestry technique to be used — it may be pointed out that some species, especially Acacia 
linarioïdes offer valuable dry-season browse possibilities which could be utilized either by 
introducing browse stands on farmland or by organizing forest for pastoral use. In 1980 a pilot 
scheme will be launched on the Sangalkam experimental farm of the Laboratoire National de 
l'Elevage et des Recherches Veterinaires (ISRA). 
3.2. Windbreaks 
Some Australian acacias have a natural habit and a crown which renders them particularly 
satisfactory as low-stratum components in a windbreak. Particularly advocated is the 
combination ofEucalyptus camaldulensis with Acacia holosericea. These two species are often 
combined in their original habitats in Australia: 
a) Eucalyptus camaldulensis would provide the upper stratum of the wind-break; it is a tree over 
12 m in height in the Sudano-Sahelian zone, but can reach 20 m or more in more favourable 
conditions. This tree has a first rate ability to put out new shoot and would thus permit regular 
utilization, while also providing farmers with firewood or timber in large amounts. When two new 
shoots are selected the wind-break may be built up very rapidly and is entirely satisfactory. 
In order to avoid excessive competition with agricultural crops it is recommended that subsoiling 
along the windbreak be carried out before the dry season so as to cut outrunning roots. 
b) Acacia holosericea (probably A. plectocarpa and A. salicina also) would provide the lower 
level in the windbreak, thanks to its low height (5 to 6 m in the Sahelo-Sudanian zone), but more 
especially to its plentiful and dense crown, which often very rapidly reaches 4 to 5 m in diameter 
at both the base and the summit. 
The most satisfactory arrangement of these two species would be the following combination: 
+ 0+0+0 + 
3.3. Soil protection and regeneration 
As regards soil protection and particularly the prevention of runoff erosion, all the species are 
able to play a valuable part, although probably Acacia bivenosa is the most suitable. This bush 
covers the soil particularly well and its behaviour on difficult land is good. But we can also draw 
attention to Acacia coriacea, sclerosperma and linarioïdes. 
For stabilizing shifting sand, or more accurately for protecting niayes (bottom-land suitable for 
marshland cultivation) against sand encroachment, a number of tests have been carried out 
under a UNDP project at Kebemer, using A. holosericea, tumida, linarioïdes, 
cyanophylla and Cyclops. The behaviour of A. holosericea and linarioïdes is on the whole 
satisfactory. 
3.4. Browse and other production 
After 5 years of experiments with these species, it appears that Australian acacias suited to our 
climate have a browse production which is equal to or higher than local species (see the results 
at Bambey and Bandia), but our knowledge as to wood quality is largely insufficient and studies 
on charcoal production and quality have only just begun, using recent utilizations. 
Given the growth pattern of the trees it would appear that A. holosericea, 
plectocarpa and salicina are probably suitable for making good charcoal, since they are trees 
which have a main trunk, whereas A. linarioïdes, bivenosa, sclerosperma and coriacea are 
bushes with a large number of fairly thin branches, making them easier to use for firewood than 
for turning into charcoal. 
As regards subsidiary products, studies have not yet begun but they will focus on rubber and 
honey production, and on any other product which is likely to be valuable to the local population. 
4. General conclusions 
The different varieties of Australian acacia provide a variety of phyllodes, habit, behaviour and 
growth which is truly astonishing. We can exploit this rich variety by adapting their features to 
our own objectives. Thus, if we have to select only one species for each use, we would identify 
the following in the light of our present knowledge: 
a) Acacia linarioïdes for its feed value; 
b) Acacia holosericea for windbreaks; 
c) Acacia bivenosa for runoff erosion prevention; 
d)Acacia holosericea again for firewood and charcoal. 
Given our fairly recent experience of the species we cannot yet with any certainty say that their 
drought resistance is the same as that of local acacias, but if this is the case these acacias will 
only complete the range of utilization found in our own traditional varieties without in any way 
replacing them. 
In any case our range of intervention in the Sudanian and Sahelian zones has been enriched by 
several species which can be used with discernment. 
Annex Ia 
Sites of Australian seeds 
Species Long. Lat. Altit. Distance 
from sea 
Nearest met 
station 
Site where introduced 
in Senegal 
A. bivenosa 
1457/CTFT 121 ° 
07' 
19° 33' 30 
m 
1 km Anna Plains 
and Condon 
Bambey – Bandia – 
Keur – Mactar 
1526/CTFT 114° 56' 22° 53' 10 
m 
75 km Winning Pool Bambey 
1538/CTFT 113° 57' 21° 57' 10 
m 
200 km Onslow Bambey – Bandia – 
Linguère – Keur – 
Mactar – M'Biddi 
A. coriacea 
1536/CTFT 114° 05' 21° 50' 5 m 200 km Onslow Bambey – Bandia – 
Linguère – Keur– 
Mactar 
A. dunnii 
1395/CTFT 126° 37' 14° 37' 90 
m 
25 km Port George 
IV - 
Wyndham 
Bambey – Bandia 
A. farnesiana 
1534/CTFT 114° 19' 22° 50' 50 
m 
25 km Winning Pool 
and Onslow 
Bambey – Bandia – 
Linguère 
A. holosericea 
1125/CTFT 131° 07' 13° 21' 120 
m 
125 km Katerine and 
Darwin 
Bandia 
1459/CTFT 121° 05' 19° 37' 50 
m 
2 km Anna Plains 
and Condon 
Bambey – Bandia – 
Linguère– Keur – 
Mactar – M'Biddi– 
Kébémer 
A. inaequilatera 
1509/CTFT 118° 51' 21° 18' 480 
m 
183 km Nullagine Bambey – Bandia – 
Linguère – Keur– 
Mactar 
A. off. linarioïdes 
1466/CTFT 118° 36' 20° 22' 30 
m 
10 km Port Hedland Bambey – Bandia – 
Linguère – Keur – 
Mactar – M'Biddi – 
Kébémer 
A. monticola 
1460/CTFT 120° 40' 19° 49' 30 
m 
5 km Anna Plains 
and Condon 
Bambey – Bandia – 
Linguère – Keur – 
Mactar 
A. mountfordae 
1217/CTFT 133° 04' 12° 05' 40 
m 
50 km Oenpelli and 
Darwin 
Bambey – Bandia 
A. Plectocarpa 
1261/CTFT 134° 17' 12° 53' 160 
m 
90 km Oenpelli and 
Darwin 
Bambey – Bandia 
A. pyrifolia 
1461/CTFT 119° 26' 20° 03' 100 
m 
19 km Condon and 
Port Hedland 
Bambey – Bandia 
1477/CTFT 117° 16' 21° 30' 230 
m 
65 km Roebourne 
and Marble 
Bar 
Bambey – Bandia 
1524/CTFT 117° 50' 22° 14' 560 
m 
165 km Nullagine and 
Roy Hill 
Bambey 
1532/CTFT 114° 19' 22° 19' 50 
m 
25 km Winnima 
Pool et 
Onslow 
Bambey – Bandia – 
Keur – Mactar – 
M'Biddi 
A. sclerosperia 
1525/CTFT 117° 09' 22° 59' 400 
m 
230 km Nullagine Bambey – Bandia – 
Linguère – Keur – 
Mactar 
A. spathulata 
1539/CTFT 114° 02' 22° 36' 50 
m 
15 km Winning Pool 
and Onslow 
Bambey –Linguère 
A. tenuisissima 
1485/CTFT 117° 45' 21° 41' 480 
m 
113 km Roebourne 
and Marble 
Bar 
Bambey 
1519/CTFT 117° 57' 22° 14' 560 
m 
164 km Bullagine and 
Roy Hill 
Bambey– Bandia – 
Keur – Mactar 
A. tetragonophylla 
1548/CTFT 113° 26' 24° 15' 5 m 3 km Carnavon Bambey – Linguère 
A. tumida 
1422/CTFT 122° 56' 16° 25' 5 600 km Port George Bambey – Bandia – 
km IV Linguère– Keur – 
Mactar – M'Biddi – 
Kébémer 
1462/CTFT 119° 23' 20° 03' 110 
m 
15 km Condon and 
Port Hedland 
Bambey – Bandia 
1484/CTFT 117° 45' 21° 41' 480 
m 
113 km Roebourne 
and Marble 
Bar 
Bandia 
A. cyanophylla         Morocco Bambey – Bandia – 
Linguère 
A. cyclops         Morocco Bandia – Keur – 
Mactar 
A. salicina         Tunisia Bandia – Keur – 
Mactar 
Annex Ib 
Climatological data for Australian sites: Meteorological office, Melbourne ( Pls. make the 
columns of Annex Ib wide)  
Sites   01 02 03 04 05 06 07 08 09 10 11 12 Year 
Nullagine 120° 05' – 21° 53' – 385 m (Western Australia)        
Av. max 
T.  
°C   39.0 38.4 36.7 32.9 28.0 24.1 24.0 26.6 31.3 35.0 28.3 39.4 32.8 
Av. min 
T.  
°C   24.0 23.5 21.7 16.7 11.9 8.3 7.0 8.8 12.3 17.0 21.3 23.3 16.3 
Av. T.  °C   31.5 30.9 29.2 24.8 19.9 16.2 15.5 17.7 21.8 26.0 29.8 31.4 24.5 
Av. rel. 
humid 
at 9 
hour  
%   40 40 41 40 46 49 49 43 35 31 30 35 39 
Av. 
daily rel. 
humid  
%   25 25 26 25 30 33 33 28 22 19 19 22 26 
Rainfall  mm   82.8 59.4 51.1 17.3 17.5 20.1 6.1 5.1 1.5 6.6 15.5 46.7 329.7 
Marble Bar 119° 54' – 21° 11' – 181 m (Western Australia) 
 
Av. max 
T.  
°C   41.2 40.9 30.3 36.1 31.1 27.2 27.0 29.9 34.3 37.8 41.0 41.9 35.7 
Av. min 
T.  
°C   26.0 25.7 24.9 20.9 16.2 12.6 11.3 13.2 16.5 20.4 24.0 25.7 19.7 
Av. T.  °C   33.6 33.3 32.1 28.5 23.6 19.9 19.2 21.6 25.4 29.1 32.5 33.8 27.7 
Av. rel. 
humid 
at 9 
hour  
%   42 44 35 38 44 48 42 38 34 31 31 36 39 
Av. %   28 28 32 28 32 34 31 28 24 22 22 24 28 
daily rel. 
humid  
Rainfall  mm   79.5 61.0 45.0 22.1 17.0 23.1 5.1 4.1 1.3 7.8 8.1 39.1 313.2 
Condon 119° 22' – 20° 00' – 10 m (Western Australia) 
 
Av. max 
T.  
°C   34.8 34.5 34.5 32.8 28.6 25.6 24.8 27.0 29.7 32.7 34.4 34.3 31.1 
Av. min 
T.  
°C   25.2 25.5 23.1 19.4 15.4 12.1 10.8 11.6 13.8 17.2 21.1 23.7 18.1 
Av. T.  °C   30.0 29.8 28.8 26.1 22.0 18.5 17.8 19.3 21.8 25.0 27.7 29.0 24.6 
Av. rel. 
humid 
at 9 
hour  
%   62 69 64 58 57 63 63 62 61 60 62 69 63 
Av. 
daily rel. 
humid  
%   – – – – – – – – – – – – 
Rainfall  mm   56.6 64.8 77.0 23.9 18.3 27.7 9.7 4.0 0.7 1.0 1.8 16.5 302.8 
Port Hedland –118° 24' – 20° 19' – 7 m (Western Australia) 
 
Av. max 
T.  
°C   34.6 34.8 35.2 34.0 30.0 26.8 26.2 27.9 30.5 32.0 34.0 34.5 31.8 
Av. min 
T.  
°C   26.4 26.2 25.4 21.8 17.6 14.4 13.2 14.6 17.0 2.0 23.0 25.3 20.4 
Av. T.  °C   30.5 30.5 30.3 27.9 23.8 20.6 19.7 21.2 23.7 26.0 28.5 29.9 26.1 
Av. rel. 
humid 
at 9 
hour  
%   67 63 60 48 50 49 49 50 49 53 56 61 55 
Av. 
daily rel. 
humid  
%   63 63 56 49 49 48 47 49 49 52 55 60 53 
Rainfall  mm   42.2 52.6 78.0 24.1 24.9 24.4 6.1 9.7 1.3 2.3 0.5 8.6 279.7 
Roebourne –177° 09' – 20° 46' – 12 m (Western Australia) 
 
Av. max 
T.  
°C   38.2 38.2 37.0 34.4 30.1 26.3 26.1 28.3 32.0 34.6 38.0 38.8 33.5 
Av. min 
T.  
°C   26.2 26.2 25.2 21.4 17.8 14.5 13.0 14.2 16.4 16.2 23.0 24.8 20.1 
Av. T.  °C   32.2 32.2 31.1 27.9 23.9 20.4 19.5 21.2 24.2 26.9 30.5 31.8 26.8 
Av. rel. 
humid 
at 9 
hour  
%   52 53 55 46 48 51 47 48 41 43 42 47 48 
Av. 
daily rel. 
humid  
%   41 42 43 36 38 40 36 36 29 33 33 37 37 
Rainfall  mm   42.2 47.0 85.9 24.6 27.7 21.8 5.6 5.1 2.0 1.6 1.6 14.0 278.9 
Darwin –130° 51' – 12° 28' – 29 m (Northern Territory) 
 
Av. max 
T.  
°C   32.1 32.0 32.3 33.2 32.2 30.9 30.3 31.4 32.8 33.7 34.0 33.3 32.3 
Av. min 
T.  
°C   25.1 25.0 25.1 24.4 22.5 20.9 19.9 20.9 23.2 25.1 25.7 25.6 23.6 
Av. T.  °C   28.6 28.5 28.7 28.8 27.4 25.9 25.1 26.2 28.0 29.4 29.8 29.4 28.0 
Av. rel. 
humid 
at 9 
hour  
%   80 80 79 68 60 55 55 61 65 69 70 73 68 
Av. 
daily rel. 
humid  
%   71 72 68 54 47 47 44 45 49 52 58 68 56 
Rainfall  mm 411.0 314.2 284.0 78.2 8.4 2.3 0.2 0.5 15.2 49.0 109.8 217.7 490.5 
Wyndham –128° 07' – 15° 27' – 7 m (Western Australia) 
 
Av. max 
T.  
°C   35.6 35.3 35.1 34.9 32.3 29.9 29.4 31.4 34.2 36.0 37.0 36.4 34.0 
Av. min 
T.  
°C   26.8 26.6 26.4 25.1 22.4 20.0 19.0 20.9 23.8 26.6 27.4 27.4 24.3 
Av. T.  °C   31.2 30.8 30.8 30.0 27.3 25.0 24.2 26.1 29.0 31.3 32.2 31.9 29.1 
Av. rel. 
humid 
at 9 
hour  
%   66 67 63 46 41 40 38 40 44 52 55 60 51 
Av. 
daily rel. 
humid  
%   54 54 49 38 37 37 35 39 33 47 50 52 45 
Rainfall  mm 172.4 160.0 132.6 12.7 3.3 5.1 2.0 0.5 1.3 9.6 39.4 99.6 638.8 
Port George IV –124° 43' – 15° 25' – 594 m (Western Australia) 
 
Av. max 
T.  
°C   32.6 32.4 32.9 33.9 32.3 30.4 30.0 31.8 33.9 34.5 35.1 34.1 32.5 
Av. min 
T.  
°C   24.6 24.4     23.9 20.3 16.5 13.9 11.9 13.8 17.3 21.5 24.1 25.1 19.7 
Av. T.  °C   28.6   28.4 28.4 27.1 24.4 22.2 20.9 22.8 25.6 28.0 29.6 29.6 26.3 
Av. rel. 
humid 
at 9 
hour  
%   76 77 76 67 62 60 60 62 61 61 64 69 67 
Av. 
daily rel. 
humid  
% – – – – – – – – – – – – – 
Rainfall  mm 284.0 282.7 254.3 54.4 24.4 19.1 7.6 1.0 1.5 9.9 46.7 194.3 1279.9 
Katherine –132° 42' –14° 06' 
 
Hottest month: av. max 38.1 - av. min: 24.7  
Coldest month: av. max 30.2 - av. min: 13.2  
Rainfall  mm 232.2 201.4 156.2 34.0 5.6 2.0 0.8 0.5 5.8 29.7 83.8 199.4 951.4 
Royhill –119° 54' – 22° 36' 
 
Rainfall  mm   41.9 53.3 47.0 22.3 19.0 16.8 11.7 6.1 1.8 4.3 7.4 24.9 256.5 
Annex Ic. 
Location of Senegalese research sites 
S i t e s Long. Lat. Alt. Distance 
from sea 
Av. rainfall 
1930/1961 
Short-fall 
for 1970 
Official 
met. 
station 
BAMBEY 16° 
28' 
14° 
42' 
20m 70 km 665.8  – 30% Diourbel 
BANDIA 17° 
02' 
14° 
35' 
12m 10 km (730.0) (– 43%) Thiès 
LINGUERE 15° 
07' 
15° 
23' 
20m 170 km 525.2   –35% Linguère 
KEUR MACTAR 16° 
11' 
14° 
02' 
6m 70 km 788.7   –29% Kaolack 
M'BIDDI 14° 
57' 
16° 
08' 
  170 km (400.0)   Podor 
Climatological data for Senegalese sites (Asecna)  
S i t e s   01 02 03 04 05 06 07 08 09 10 11 12 Year 
PODOR 14° 56'W – 16° 33' N 
Av. max T. °C 31.5 32.7 37.4 39.4 41.3 40.2  36.8  34.7  34.6 35.0 34.1 30.1   35.7 
Av. min T. °C 15.2 16.1 18.2 20.5 22.5 23.9  24.4  24.4  24.9 24.9 21.8 16.5   21.1 
Av. T. °C 23.2 24.8 27.5 26.9 32.1 32.2  30.8 29.8  29.8 30.0 28.0 23.1   28.1 
Av. daily rel. humid % 30 28 24 22 26 37  54  63  65 53 43 34   40 
Rainfall mm   0.6   1.6   0.0   0.1   3.2 16.2  67.7 133.3  83.8 23.2  3.0  2.0 334.7 
LINGUERE 150° 07' – 15° 23 N 
Av. max T. °C 33.2 34.1 38.2 40.0 40.5 38.0  34.5  32.7  33.2 35.8 36.6 32.4   35.8 
Av. min T. °C 15.1 16.5 18.1 19.9 21.7 23.4  23.6  23.4  23.1 21.8 19.0 16.4   20.2 
Av. T. °C 24.0 25.6 27.9 29.8 31.2 30.9  29.1  27.9  28.6 27.4 23.9 27.8   
Av. daily rel. humid % 24 27 27 29 34 47  64  74  76 56 41 31   44 
Rainfall mm   0.1   1.5   1.6   0.0   3.6 31.4 100.7 209.0 135.5 45.0  4.3  2.0 534.7 
DIOURBEL 16° 14' – 14° 39 N 
Av. max T. °C 33.7 34.5 38.4 39.7 39.9 37.4  33.8  31.9  32.9 35.2 36.1 32.7   35.5 
Av. min T. °C 14.2 15.4 16.7 17.9 20.1 22.6  23.1  22.9  22.6 21.7 18.6 15.5   19.3 
Av. T. °C 23.7 25.2 27.2 28.6 29.8 30.1  28.6  27.7  27.7 28.4 27.0 23.7   27.3 
Av. daily rel. humid % 37 39 39 40 48 59  72  77  80 71 55 41   55 
Rainfall mm   0.1   1.3   0.1   0.2 6.3 40.2 139.5 259.8 189.1 55.0  4.5  4.2 700.3 
KAOLACK 16° 04'W – 13° 46 N 
Av. man T. °C 33.9 34.9 38.7 39.7 38.4 35.7  32.5  31.2  32.5 34.3 35.7 33.1   35.1 
Av. min T. °C 15.6 16.8 18.0 19.6 21.4 23.6  23.8  23.2  23.2 23.1 20.4 16.9   20.5 
Av. T. °C 24.8 26.5 28.5 29.6 30.3 30.0  28.7  27.6  28.1 28.8 27.8 25.2   27.9 
Av. daily rel. humid % 32 36 35 38 48 63  75  82  83 75 57 41   55 
Rainfall mm 0.5   0.9   0.0   0.1 78 61.1 160.2 295.1 200.7 63.8  4.0  2.6 796.8 
THIES 14° 48'w – 16° 57 n 
Av man T. °C 31.6 31.6 33.6 33.4 33.1 33.3  31.7  30.6  31.4 32.6 33.4 30.9   32.3 
Av. min T. °C 15.0 15.9 16.8 17.1 19.6 21.9  22.8  22.7  22.5 21.7 18.9 16.1   19.3 
Av. T. °C 23.3 23.8 25.2 25.3 26.4 27.6  27.3  26.7  27.0 27.2 26.2 23.5   25.8 
Av. daily rel. humid %                           
Rainfall mm   0.2   1.8   0.1   0.1   1.6 24.2 121.9 273.0 206.3 57.1  3.4  5.1 694.8 
Annex II 
Bambey site: 1974 introductions measured in Nov. 1979 
Species Provenance Height (cm) Section at base 
A. bivenosa 1538 258   74 
  1457 258   48 
  1426 256   63 
A. coriacea 1536 235   22 
A. dunii 1395 415   24 
A.farnesiana 1534 190   32 
A. holosericea 1459 416 107 
A. inaequilatera 1509 360   92 
A. aff. linarioïdes 1466 280   99 
A. monticola 1460 287   39 
A. pyrifolia 1477 370 108 
  1532 344   44 
A. sclerosperma 1525 295   49 
  1549 207   35 
  1543 207   38 
A. spathulata 1539 120   12 
A. tenuisissima 1519 156   26 
  1485 184   28 
A. tetragonophyla 1548   85     4 
A. tumida 1462 425 170 
A. cyanophylla Morocco – – 
Annex III 
 Bambey site 
 1974 introductions measured in Nov. 1979 
A. bivenosa 1538 265   62 94 
  1457 210   25 82 
  1526 By 207   30 79 
    270   52 91 
A. dunii 1395 415   66 73 
A. holosericea 1459 380   68 91 
  1459 By 346   52 79 
A. aff. linarioïdes 1466 By 259   53 82 
A. monticola 1460 226   18 – 
A. mountfordae 1217 256   46 – 
A. plectocarpa 1261 248   28 – 
  1477 236   17 82 
  1461 245   22 58 
A. pyrifolia 1532 270   30 64 
  1524 By 309   22   
    282   28 70 
A. tenuisissima 1485 212   49 – 
  1519 160   15 – 
A. tumida 1442 384 127 73 
Annex IV 
 Bandia site 
 1977 introductions 
    12/1977 6/1978 12/1978 6/1979 11/1979 
Species   H % H H S % H S H S % 
A. bivenosa      1538 47   93   84 146 10.9  90 170 13.3 221 30.6  90 
       1457 51   92   65 148   6.3  90 168 15.4 227 22.5  90 
  By 
1538 
67   98 108 144   9.4  97 188 16.5 211 25.7  97 
A. coriacea By 
1460 
58 100 105 171   9.8 100 219 20.8 264 31.9 100 
A. dunii      1395 – – 131 315 19.5  50 – – 400 34.0  50 
  By 
1395 
32   75 146 303 17.3  67 321 24.2 366 31.7  67 
       1459 40 100 157 293 30.6 100 301 19.5 400 74.6 100 
A. holosericea      1125 84   90 159 239 19.7  66 263 14.9 325 56.6  64 
  By 
1459 
46 100 131 264 18.3 100 268 19.0 365 52.8 100 
A. aff. linarioïdes By 
1468 
90   96 126 255 19.4  96 265 13.9 355 45.7  96 
A. monticola      1460 37   62 117 206 12.2  50 222 15.4 298 32.9  48 
  By 
1460 
40   94 116 229 10.1  92 218 15.2 218 23.1  92 
A. plectocarpa      1261 35   72   91 195 15.2  72 263 17.1 364 46.3  68 
       1532 42   94   91 189 14.8  92 249 12.0 282 16.6  92 
       1461 49   78 100 206 11.2  78 182 13.8 275 20.3  78 
A. pyrifolia      1477 45   50   84 183 11.7  90 240 12.8 242 17.8  90 
  By 
1477 
39   88   91 240 10.4  88 225 12.4 271 20.7  84 
  By 
1532 
57 100   96 270 17.1 100 252 17.2 279 21.1  76 
A. sclerosperma By 
1525 
59   97   99 154   9.1  97 210 16.8 251 27.2  97 
A. tenuisissima      1519   9   69   47 121 –  63 133 – 174 –  56 
       1442 26 100   95 304 26.4  72 262 20.4 370 48.3  85 
A.tumida      1484 42 100 112 255 15.9  90 251 18.2 382 28.0  83 
  By 
1462 
67   98 142 274 15.1  93 287         
A. cyanophylla Maroc 51   94 140 223 24.4  80 153 15.0 277 35.7  40 
A. cyclops Maroc 29   91   54 80 –  44  88 – 120 –   7 
  12/1978 6/1979 11/1979   
Species H % H H S % H Height in cm 
A. salicina 91 100 221 266   99 S Section in cm2 
Annex V 
  Keur-Mactar site – 1977 trials 
  Soil beneath Acacia seyal 
Species 12/1977 6/1978 12/1978 6/1979 12/1979 
  H % H % H % H S % H S % 
A. holosericea 49 100 105 100 193 100 242 23 100 250 45 100 
A.linarioïdes 78   96   96   96 131   96 159 18   96 237 42   96 
A. bivenosa 56 100   48 100   73   96 136   9   96 170 –   96 
A. tumida 60   76 100   68 156   68 220 23   68 226 29   56 
A. sclerosperma 65   96   73   97 119   96 168 11   96 203 –   96 
A. pyrifolia 45   60   64   56 101   52 140 11   52 234 –   52 
A. plectocarpa 32   24   48   20   68   16 120   7   12 157 18   12 
Soil beneath Combretum 
A, holoserica 47 92   87 92 201  92 224 24 92 354 45  88 
A. linarioides 98 96 104 96 178  96 213 25 96 276 53  96 
A. bivenosa 52 88   49 88   91  88 138 11 88 193 –  88 
A.tumida 59 88 101 88 161  84 217 17 84 342 41  72 
A. sclerosperma 63 96   73 96 120  96 188 17 96 220 –  96 
A. plectocarpa 53 80   79 80 173  80 228 29 80 319 60  80 
Soil beneath Parinari 
A. holosericea 48 100 100 100 186 100 268 24   96 383 44   96 
A.linarioides 88 100 132 100 162 100 197 25 100 282 66 100 
A. bivenosa 57   96   58   88   83   28 137   8   92 177 –   92 
A.tumtda 76 100 189   96 175   76 256 29   76 400 66   72 
A. sclerospenna 65 100   76   96   97   92   95   3   24 133 –   24 
A. monticola 58   60 115   60 151   32 211 19   32 259 38   32 
A. coriacea 56   96   79   96 119   88 161   8   84 417 22   76 
H = height in cm; S = Section in cm2 
Bottom land 
Species 12/1977 6/1978 12/1978 6/1979 12/1979 
  H % H % H % H S % H S % 
A. holosericea 50 100 145 100 254 100 302 32 100 436 71 100 
A.linarioides 92   92 140   92 114   36 187 19   56 270 44   32 
A. bivenosa 56   92   62   92   45     8 120 28     8 180 –     8 
A.tumida 67   92 150   84 134   56 260 32   52 392 77   52 
A.sclerosperma 74   88   67   88   59   44 166 14   44 183 –   40 
A. monticola 56   92 111   92 180     4 210 10     4 280 72     4 
Pure salt-pans 
A. holosericea 48   96 103   92 175   82 231 29  82 344 54  82 
A.linarioides 72 100   65 100   93   92 133 13  92 187 27  92 
A. bivenosa 49   92   38   52   51   40   62 –  24   66 –  20 
Grassy salt-pans 
A. holosericea 34   96   70   96 136   88 155 15   88 229 39  88 
A.linarioides 75   88   86   88 114   88 185 19   88 250 41  88 
A. bivenosa 55 100   51   92   67   76 111 13   72 136 –  72 
A. tumida 69   68   89   68 155   56 207 17   56 293 44  56 
A.sclerosperma 48   80   52   76   78   76 138 15   76 139 –  76 
A. pyrifolia 44   52   40   52   72   52 117 7   52 148 –  52 
H = height in cm; S = Section in cm2 
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1. Introduction 
Brushlands consisting of broadleaved sclerophyllous evergreen shrubs are a common 
vegetation type in countries around the Mediterranean basin, including those of North Africa. 
Depending on whether they are low (less than 2 m high) and fairly open, or tall and dense, and 
also on whether they grow in dry habitats on often calcareous soils, or in higher rainfall areas 
with more acid soils, they are called garrigues or maquis respectively. Le Houérou (1972) uses 
the term matorral for shrub communities combining the characteristics of these two types and 
resembling the American chaparral. 
Kermes oak (Quercus coccifera L.) is the basic component of these Mediterranean brushlands. 
Although it grows to the height of a low tree in some places, it is normally found as a shrub with 
a height of less than 2 m. It is a deep-rooted and multi-branched rigid shrub with evergreen, 
hard, oval-shaped and spiny leaves. Nevertheless, it shows considerable morphological 
variations over its wide area of distribution and several varieties have been identified (Halacsy, 
1916). Of these, Q. calliprinos Webb is said to replace the true coccifera in the eastern 
Mediterranean region (Camus, 1936–38). 
According to Le Houérou (1974), the typical areas where kermes oak occurs are characterized 
by limestone soils and semi-arid to humid Mediterranean climates with annual rainfall from 400 
to 1200 mm, and from warm to cool winters (average daily minimum temperature in January of 
0 to 9°C): In such environments it forms almost pure stands that can become very dense when 
the soil has a good depth. 
Brushlands dominated by kermes oak are estimated to cover an area of more than 2 million ha 
over the Mediterranean countries (Le Houérou, 1974). They are used for browsing by livestock 
and they contribute considerably to the animal production of the region (Le Houérou, 1972). 
In Greece, kermes oak brushlands occupy about 400,000 ha of land (Liacos et al, 1979). Their 
distribution is wide, particularly in areas with dry and rocky limestone soils. They are the main 
browsing areas for goats, the population of which amounts to about 4 million. 
Due to the importance of kermes oak brushlands to the livestock economy of Greece, large 
research projects have been undertaken over 25 years. These projects were carried out near 
the city of Serre, in northern Greece, in an area with 650 mm annual rainfall and 13°C mean 
annual temperature. Soils are of medium depth, slightly acid and are derived from 
conglomerates (sea deposits) of the tertiary period. Kermes oak forms almost pure, dense 
stands which are impenetrable to goats (Figure 1). 
 
Figure 1. A closed kermes oak (Quercus coccifera L.) brushland in Northern Greece. 
This paper reviews the main results of these projects on the productivity, utilization and 
improvement of kermes oak brushlands and relates them to research findings in other 
Mediterranean countries. Finally, possibilities of improved management for use by goats are 
discussed which might be applied not only to Greece, but to other countries of the 
Mediterranean basin, including those of North Africa. 
2. Growth characteristics 
Kermes oak is a difficult shrub to measure for browse production, because, as already pointed 
out, it is a multi-stemmed and multi-branched species with short twigs and spiny leaves. 
Moreover, its growth appears to be irregular. In the study area of northern Greece, the buds 
appear in the first half of April, while the young tender twigs appear during the first half of May. 
However, young shoots also appear during the summer, especially in years with above-average 
summer rainfall (Liacos et al, 1979). It seems that detailed research is needed to determine the 
growth pattern of kermes oak, particularly as it is affected by goat browsing. 
To estimate the percentage browse production and utilization of kermes oak, Tsiouvaras (1978) 
developed linear and parabolic relationships between twig weight, diameter and length, as 
follows: 
1. Twig weight (w) in relation to diameter (d) at 2 mm above the base: w =–0.1624 + 2.1418 d, 
when r = 0.969. 
2. Twig length (l) in relation to diameter (d): l = 1.6358 + 53.36 d – 96.833 d2, when r = 0.768. 
3. Twig weight (w) in relation to length (l): W = 0.07443 + 0.04615 l, when r = 0.959. 
Weight is in grams, and diameter and length are in cm. All correlation coefficients were 
statistically significant at the probability level of 54. 
By these regression equations the percentage use of a twig, in weight or in length, can be 
estimated by measuring the diameter at its lowest point left unbrowsed (first two equations). 
Also, the twig weight (browse production) can be found by using its length), which can be 
measured much more easily than its weight (third equation). 
3. Browse production 
The fact that kermes oak shows considerable morphological variations affects the amount of 
browse produced. 
Liacos and Mouloupoulos (1967) identified at least five types of kermes oak. These types 
differed in the size, shape and colour of the adult leaves; in the size of the spines on the leaves; 
in the colour of the young leaves; in the size, shape and hairiness of the buds; in the size of 
flowers and their parts; and in the size, shape and structure of the acorns. On the basis of these 
differences they developed a special key for easy identification of the five "range types". 
By sampling the annual twigs separately in each of the five types, they found that DM 
production ranged from 742 kg/ha in the most productive type (IV) to 378 kg/ha in the least 
productive type (V). The remaining three types were intermediate, namely 661 kg/ha for Type II, 
503 kg/ha for Type I and 445 kg/ha for Type III. 
Grazing capacity for goats was calculated by allowing for use 75% of annual production, a level 
relatively high compared to the suggested levels for most shrubs in the USA (Garrison, 1972). 
They found that the capacity was 12.36 goatmonths per ha for Type IV, the most productive, 
and about half as much (6.30 goat-months per ha) for the least productive, Type V. The 
remaining three types lay in between. 
Not all annual production is acceptable to goats, since some parts of the twigs are hard. 
However, these hard parts make up no more than 10% of the weight, while the remaining 90% 
consists of leaves and tender twig parts. 
Similar results were found in southern France. In a kermes oak garrigue, Long et al, (1967) 
measured 1,000 kg/ha of DM per year, which corresponds to a carrying capacity of 1 sheep or 
1.2 goat per ha per year. The slightly higher production may be attributed to the wetter climate 
(800-1000 mm annual rainfall) of the French study area as compared with the Greek one (650 
mm annual rainfall). 
These results show that the productivity of kermes oak brushlands is very low. It is worth 
mentioning that the herbage produced in an area of natural grassland adjacent to the study area 
in northern Greece averaged 2590 kg/ha over 4 years (Papanastasis, unpublished data). This 
means that grasslands can produce at least four times more than kermes oak brushlands. 
The browse value of shrubs for goats can be seriously impaired by reduced accessibility of the 
twigs and leaves (Huss, 1972). In the kermes oak brushlands, accessibility is reduced not only 
by the overgrowth of the shrubs but also by their high density in many areas, which prevents the 
free circulation of goats. 
4. Nutritive value 
A different nutrient content of kermes oak was found among the five types after sampling on five 
dates throughout the growing season (Liacos and Moulopoulos, 1967). Types I, II and IV had a 
higher CP content, a lower crude fibre content and a higher water content than the other two 
types. No difference was measured in crude fat content among the five types. These results 
suggest that Types I, II and IV should be more palatable to goats than Types III and V. 
In general, the CP content ranged between 13% in May and 5.25% in December, while it was 
never lower than 6.4% in the most productive types. Provided that most of this protein is 
digestible, it appears that kermes oak can meet the gestation requirements of animals, while its 
most productive types can meet even their lactation requirements (Cook, 1972). 
However, digestible energy seems to be below the requirements for maintenance of goats at 
least in certain periods of the year. This may be the reason why the growing animals lost weight 
for a period of 3 to 4 months in the winter and early spring. Also, it is not certain whether 
nutrients are adequate for the adult animals throughout the summer period (Figure 2). 
 
Figure 2. Liveweight trend for adult and young goats in kermes oak brushlands (After Liacos 
and Moulopoulos 1967, Liacos et al. 1979). 
Similar results are reported by Sarson and Salmon (197+) for North Africa, who state that 
browse is low to intermediate in terms of energy (30 to 55% of digestible organic matter) and 
usually high in DP (10-20% of DM). However, more research is needed on the subject of the 
nutritive value of kermes oak, in order to better adjust and regulate its use by goats. 
5. Goat utilization 
Since the five range types of kermes oak had different nutrient contents and, consequently, 
different palatabilities, Liacos and Moulopoulos (1967) further found that utilization by goats was 
different. Type II was preferred, and was followed by Types IV and I, while the other two types 
were very little browsed. This explains why some kermes oak plants are closely browsed by 
goats while others, with small size and spiny leaves, are left untouched. 
However, kermes oak is less preferred than other species of shrubs or grass species. In a 3-
year grazing study with kids aged 6 to 12 months browsing on shrub sprouts and herbaceous 
species, the percentage utilization was found to be 70% for kermes oak, 95% for the shrubby 
forms of Fraxinus ornus, Carpinus orientalis and Quercus pubescens, and 80% for the 
grass Dactylis glomerata. Later in the season, the percentage use was decreased for kermes 
oak but not for the other species. On the other hand, kermes oak was preferred to Cistus 
incanus and several species of forbs, includingTrifolium spp. (Liacos et al, 1979). 
6. Increasing productivity 
Although the browse value of kermes oak brushlands is low, their productive potential is high. 
This is indicated by the high amounts of above-ground biomass found in these areas. In 
southern France, a kermes oak brushland, 20 years after the last fire and containing 
95% Quercus coccifera and 3% herbaceous vegetation, was found to have 46 tonnes of DM per 
ha in the first 30 cm above ground level (Long et al, 1978). Ways had to be found to utilize this 
high potential for the benefit of grazing animals. 
To meet this challenge, the above authors tried an intensive but rather costly approach. They 
eradicated the vegetation by crushing it mechanically and left it in place as mulch. At the same 
time they applied 100 kg/ha per year of N, P205 and K20 and grazed with sheep at two stocking 
rates, 3 head and 5 head per ha per year. No seeding of new species was done, but the 
animals were fed on the native vegetation, both herbaceous, which was increased from 5% to 
almost 90% after the clearing, and kermes oak sprouts. 
They found that sheep had quite normal performances at the lower stocking rate after grazing 
for 4 years, while the results for the higher rate are not yet final. They concluded that the 
"crushing and fertilization" method can raise the grazing capacity of kermes oak brushlands by 
four times, as compared with their unimproved state. 
In northern Greece a less costly but equally effective method was applied (Liacos et al, 1979). 
The above-ground vegetation of a closed kermes oak brushland (95% Quercus coccifera and 
5% other shrubs) was burned by a controlled fire and a mixture of valuable range species was 
seeded on the ash. The species planted were Dactylis glomerata, Bromus inermis, Phalaris 
tuberosa, Lolium multiflorum and Lotus corniculatus (Figure 3). 
 Figure 3. Converted to grassland kennes oak brushland at the end of the first growing season 
after the burning and seeding. 
After a protection period of one growing season, the converted brushland was grazed for 2 
months in the spring for 3 consecutive years. The animals used were 6–12 month-old kids with 
some lambs of the same age added only in the first year. 
Over the same period this treatment was compared with an improved kermes oak brushland 
grazed by kids of the same age, but for 10 months (October–July) each year. Improvement 
included eliminating all kermes oak plants belonging to the less palatable and productive Types 
III and V, thinning the brushland to a crown density of 0.8, and topping the remaining plants to a 
height of 80 cm (Figure 4). All the work was done manually. 
 Figure 4. Improved kermes oak brushland. 
The liveweight gains obtained from these two treatments are shown in Table 1. Disregarding the 
relatively high meat production of the first year attributed to an exceptionally high acorn crop, 
the "improved brushland" treatment produced twice as much meat as the unimproved. The latter 
was tested for 4 years with adult goats browsing for 9 months (October–June). The goats were 
milked after the kids, born by the end of January, had been weaned in mid-April (Liacos and 
Moulopoulos, 1967). 
Table 1. Goat meat on the hoof and milk production (kg/ha) from kermes oak brushlands under 
different states of improvement in northern Greece. 
State of kermes oak brushland 
Years Unimproved 1 Improved 1 Converted to 
grassland 2 
  (Meat in 
kg/ha) 
(Meat in 
kg/ha) 
(Meat in 
kg/ha) 
(Meat in kg/ha) 
1955-59 25 30 – – 
1976 – – 72.80 119.40 
1977 – – 56.76   97.70 
1978 – – 55.80   79.50 
1 After Liacos and Moulopoulos (1967). 
2 After Liacos et al (1979). 
The "converted brushland", on the other hand, produced twice as much as the "improved 
brushland" and four times as much as the unimproved. However, there was a decline in weight 
gains through the years in the case of the conversion treatment, caused by the gradual increase 
in the vegetation cover of kermes oak and Cistus sprouts as well as of the unpalatable native 
forbs at the expense of the palatable seeded species (Figure 5). 
 
Figure 5. After grazing for three consecutive growing seasons of the converted brushland 
(Figure 2) by kids of 6-12 months old, kermes oak and Cistus incans sprouts increased at the 
expense of the grasses and the more palatable shrubs. 
7. Management 
With the above findings in mind, ways of managing kermes oak communities for increased 
animal production may be suggested. 
In appears that the conversion of kermes oak brushlands to grasslands, either by mechanical 
means or by fire, is effective in quadrupling either the grazing capacity or the liveweight gains of 
the animals. Seeding of new, palatable herbaceous species would be necessary, if native ones 
are absent from the area, as is the case for dense stands. 
However, this high production can be maintained only by regular application of nitrogen and 
phosphorus fertilizer, since most of the soils where kermes oak grows are shallow, depleted and 
consequently deficient in these nutrients. Exception must be made for the burned areas, where 
soil fertility is improved due to the increased availability of nitrogen, phosphorus and sulphur 
after burning (Vlamis and Gowans, 1961). But this improvement is only temporary, since 
available nutrients decline within 2 to 3 years of burning (Papanastasis, 1976). 
In general, burning is less expensive than mechanical means for the total or partial removal of 
brush, while the combination of both methods gives better results (Biswell, 1954); Bentley, 
1967). This can be attained by crushing the brush by bulldozer before burning, so that better 
combustion of the above-ground material is achieved. 
Using controlled fire for managing kermes oak brushlands is an ecologically sound approach. 
These communities are maintained by fire. Kermess oak is a highly resistant and adaptable 
species and regenerates vigorously after burning (Le Houérou, 1974, Naveh, 1974, 
Papanastasis, 1978). This means that one fire cannot control it permanently. Trabaud (1977) 
found in southern France that a burned kermes oak garrigue returns to its original state within 
approximately 5 years of burning. 
Sprouting of kermes oak, therefore, is a major problem in fire-converted areas. The same is true 
of areas treated mechanically, since it is a deep-rooted species, difficult to eradicate completely, 
even with heavy machinery. 
Grazing management of the converted brushlands should therefore concentrate on keeping 
kermes oak sprouts under control by maintaining a balance between them and the herbaceous 
species. This can be achieved by using goats, as they consume high amounts of browse as well 
as the tall-growing herbaceous species. Possibly sheep should also be used, so as to utilize the 
low-growing species such as Trifolium spp. and Medicago spp. (Liacos et al, 1979). 
However, goats cannot fully control kermes oak sprouts under a grazing system aimed at the 
proper use of the palatable herbaceous species. Increasing the intensity for a better control of 
the sprouts will lead to the overgrazing of the valuable species. A special grazing system must 
therefore be designed, to include more effective measures for sprout control, such as 
herbicides. These considerations are now under investigation in the study area of northern 
Greece. 
Although the conversion method is highly effective, it cannot be applied in the entire kermes oak 
zone because it generally requires reasonably deep soils and gentle slopes. Liacos et al, (1979) 
state that conversion of kermes oak brushlands to grasslands by controlled f areas with a soil 
depth of more than 30 cm and a slope of less than 25%. This means that only the most 
productive sites are suitable for conversion to grasslands. 
For the less productive sites, which are the rule in the kermes oak zone, perhaps a less 
intensive method can be applied. Removing the unpalatable types, thinning and topping the 
shrubs to make them accessible to animals, as was done in northern Greece (Liacos et al, 
1979), are ways of at least doubling the animal production of kermes oak brushlands. However, 
this method presupposes the availability of sufficient cheap labour. 
A more effective alternative would be to cut down to ground level, by hand or possibly with 
mechanical means, all kermes oak shrubs and browse their sprouts. In the meantime, selective 
control of the sprouts of the less palatable types could be achieved with herbicides. This 
improved method is under study in northern Greece. 
There must be other ways of improving the form of kermes oak brushlands in such a way as to 
increase productivity. All these forms need to be investigated and tested, under actual grazing 
conditions and in relation to their costs, in representative areas of the entire kermes oak 
ecological zone. The purpose of such a study would be to select the most productive forms 
which can be maintained with the least cost. 
In conclusion, management of kermes oak brushlands should aim at the creation of a mosaic of 
different productivity forms. The most productive sites could be converted to grasslands, while 
the less productive sites could be improved for increased browse production. Such a scheme 
will secure the optimum use of kermes oak brushlands according to the productive potential of 
each site; in addition, it will better satisfy the yearlong food requirements of goats, since they 
would be able to graze the green and nutritious herbaceous species of the converted areas in 
the spring, and browse the improved brush areas for the rest of the year. 
Moreover, such a management scheme would reduce the risk of forest fires by breaking the 
continuity of fuel supplies. It would also serve hydrological purposes, diversify the landscape 
and improve the aesthetic value of the kermes oak zone. All these aspects are beginning to 
have ever-increasing importance in Mediterranean countries, and they should be seriously 
considered in the management of kermes oak brushlands. 
8. Summary 
Kermes oak (Quercus coccifera L.). is an important browse shrub for goats in the countries 
around the Mediterranean basin. Its distribution is wide, particularly in limestone areas where it 
grows in pure, dense stands if the soil is deep enough. In Greece, kermes oak brushlands 
occupy large areas of high browse value for the country's 4 million goats. 
This paper reviews the research done up to now on productivity, utilization and improvement of 
kermes oak brushlands in Greece, relates it to findings in other Mediterranean countries, and 
dicusses their management for raising goats. 
At least five types of kermes oak with different range values have been identified. These types 
were found to have a varying morphology, productivity and palatability for goats. Production of 
DM ranged from 378 kg/ha for the least productive type (V) to 742 kg/ha for the most productive 
type (IV), while the remaining Types I, II and III lay in between. CP content was found to be 13% 
in May and 5.2% in December, but was never lower than 6% in the most productive types 
throughout the year. 
Utilization by goats differed for the five types. The most palatable was Type II, followed by 
Types IV and I, while the other two types were very little grazed. The degree of utilization varied 
according to the season and was highest in May. 
To estimate the percentage utilization and browse production of kermes oak, linear and 
parabolic regression equations were established between twig weight and diameter, twig length 
and diameter and twig weight and length, with high correlation. 
It appears that kermes oak can meet the nutrient requirements of goats throughout the year, 
except in the winter months, when supplementary feeding is required. 
However, liveweight gains of goats are low from natural kermes oak stands. In unimproved 
brushland a month's grazing by adult animals yielded 25 kg/ha of meat and 30 kg/ha of milk. 
Liveweight gains of kids aged 6 to 12 months were increased to 56 kg/ha for a 10 month grazing 
period when the natural stands were improved by removing the less productive and palatable 
Types III and V, thinning to 0.8 crown density and topping the shrubs of the remaining types to a 
height of about 80 cm so that they could be reached and fully utilized by goats. 
Further increases in liveweight gains were achieved by converting the kermes oak brushlands to 
grasslands. Conversion was carried out by using controlled fire and seeding valuable range 
grasses such as Dactylis glomerata and Bromus inermis. Grazing by kids for 2 months, as in the 
previous treatment, resulted in meat production of 120 kg/ha. 
Based on the above findings, suggestions are made as to the best management methods and 
proper forms of kermes oak brushlands for goats, so that an optimum use of these areas may 
be secured. 
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Introduction 
In many countries there are extensive areas of saline land which can neither be irrigated nor 
used for growing normal crops and pastures. In a long term Western Australian research 
programme, techniques for producing grazing from salt-tolerant forage plants sown on saline 
soils under natural rainfall have been developed (Malcolm, 1974). The possible application of 
this approach to other countries has been discussed elsewhere (Malcolm, 1969). 
The main salt-affected soils are in the cereal and sheep growing areas where the annual rainfall 
of 300-375 mm is received largely in the cool period of the year from May to September. The 
summers are hot and dry. The elevation of the saline areas is less than 400 m above sea level 
and they do not suffer from excessive frosts. Studies (Malcolm, 1979, Malcolm and Clarke, 
1971) indicate thatAtriplex rhagodioides, A. undulata and Maireana brevifolia are well suited to 
forage production on saline soils in south-western Australia. The studies were conducted using 
glasshouse-raised bushes planted into field situations. Labour costs preclude the use of 
glasshouse-raised bushes for planting broad scale areas in south-western Australia. Therefore 
a reliable field method of establishment using seed is required. 
In environments such as saline soils, waste dumps and arid areas, the establishment of shrubs 
from seed presents formidable difficulties. The problems of establishing shrubs in saline soils 
from seed under natural rainfall are reviewed elsewhere (Malcolm, 1971). 
The Mallen niche seeder has been developed (Malcolm, in preparation) to overcome these 
problems. In the present study niche seeding is compared with the previously-used method of 
spreading seed on cultivated land. 
Experimental 
The Mallen niche seeder consists of a cultivation implement, which, in the models used in the 
experiment, is a mouldboard plough, and an attached planting section. The planting section 
rides on a press wheel which forms a niche on the bank produced by the plough. The turning of 
the press wheel drives a mechanism which deposits seed with a covering of chaff in spot 
placements in the niche. The interval between placements can be adjusted. For experimental 
purposes a specific number of placements may be sown in a plot and the machine may be 
calibrated to determine the average output of seed per placement. Results may therefore be 
expressed either as a percentage of successful spot placements or if all seedlings are counted, 
as the percentage of viable seeds giving seedlings. 
Germination of M. brevifolia occurs readily in petri dishes but the bracts of the two Atriplex spp. 
inhibit germination. The bracts must therefore be removed for seedfill and germinability to be 
determined. Seedfill and germination tests were conducted on subsamples of the seed used in 
the field experiment. The results were used to convert the field calibration figures for the Mallen 
Niche Seeder to the percentage of viable seeds giving established plants. 
During 1976 two detailed experiments were planted with the Mallen niche seeder on a duplex 
saline soil with saline groundwater ranging from about 0.5 to 1.5 m depth and salinity of the 
order of 23 000 to 30 000 mg/l total dissolved solids. In the experimental area two sub-sites 
were selected, a lower-lying more waterlogged and saline site and a less severe area. Both 
areas had been excluded from cropping owing to salt encroachment and carried a patchy cover 
dominated by Hordeum marinum and Eragrostis dielsii. There were larger areas bare in the 
severe than the moderate site. 
The treatments used in Experiment A were as follows: 
Site: Waterlogged 
        Non-waterlogged 
Time of sowing: Before opening rain (late April)   
                         After opening rain (late May) 
Species: M. brevifolia 
               A. undulata  
              A. rhagodioides 
Sowing method: Mallen seeder with chaff, DDT, PVA 
                          and Rogor Mallen seeder with chaff; 
                           Mallen seeder without chaff; 
                           Seed spread on cultivated ground. 
The treatments were combined factorially and replicated four times. 
An early sowing is possible on many saline soils because they remain sufficiently moist and soft 
to be cultivated readily. Early sowing, if successful, has the advantage of not coinciding with the 
busy seeding period after the opening rain. Later sowing provides an opportunity for some 
leaching of surface salt to occur before the seeds are sown. 
A feature of the Mallen niche seeding technique is that it enables an expensive treatment such 
as chaff mulch to be applied as a spot treatment, thereby greatly reducing the cost. In the 
present experiment the chaff in one treatment was treated with DDT and polyvinyl acetate 
(PVA) emulsion for the respective purposes of reducing insect predation and helping the chaff 
remain in position in the niche. The PVA treated chaff tends to stick together once applied. 
Rogor was applied to the seed in this treatment in a further attempt to reduce adverse effects of 
insects. A scarifier was used to cultivate the conventional plots; a weighed amount of seed 
being spread by hand over a standard area of the plots. 
In the second experiment, B, using the same three species, the following treatments were used 
either with or without Rogor treatment of the seed. 
Mallen niche seeder without chaff 
Mallen niche seeder with chaff 
Mallen niche seeder with chaff + PVA 
Mallen niche seeder with chaff + DDT 
Mallen niche seeder with chaff + DDT + PVA 
The second experiment was planted after the opening rain in the less severe section of the 
experimental area. The treatments and species were combined factorially and replicated three 
times. 
The results of the two experiments are summarised in Tables 1 and 2. A feature of the results in 
Experiment A is the variability. The coefficient of variation ranged from 77.5% on the non-
waterlogged site to 90.2% for the whole experiment. Nevertheless significant treatment 
differences were demonstrated. 
Table 1 Mean percentages of establishment of viable seeds planted, with percentage of 
successful placements in brackets, for Experiment A. 
  Waterlogged site Non-waterlogged site 
Species Method Before rain After rain Before rain After rain 
Bluebush 1. Mallen & Chaff, 
PVA, DDT and 
Rogor 
2.2aabcd (32)a 0.9ab (17) 2.3abc 
(22) 
2.labc (38) 
  2. Mallen and 
Chaff 
3.lcd (34) 2.6bcd (21) 5.7de (42) 6.1e (49) 
  3. Mallen without 
chaff 
0.2a (3) 0.9ab (17) 3.0bcd 
(40) 
12.5 (75) 
  4. Seed spread on 
cultivated ground 
 
0.2 
 
0 
 
0 
 
0 
Wavy leaf 
saltbush 
1. 1.0ab (37) 2.3abcd (43 0.3ab (40) 0.8ab (38) 
  2. 2.6bcd (45) 1.6ab (41) 1.4ab (44) 0.4ab (26) 
  3. As above 0.8ab (19) 0.5ab (30) 0.5 ab (20) 0.4ab (29) 
  4. 0 0 0 0 
River saltbush 1. 0a 0.5ab (1) 0a (0) 0.6ab (3) 
  2. 0a 0.3a (3) 0.2ab (7) 0.6ab (4) 
  3. As above 0a 4.4d (17) 5.0cde (e) 0a (0) 
  4. 0 0 0 0 
aPlacement figures are for the January 1977 count, and establishment percentages are for the 
October 1976 count. For means in each site table the figures not next to the same letter are 
significantly different at P <0.5. 
Table 2. Mean percentages of successful placements in Experiment B at two counting times, 
October 1976 (in brackets) and January 1977. 
Species × seed Species × mulch 
 Treatment 
Rogor 
  
  
Species 
Species Rogor Nil Mulch M. brevifolia A. undulata A. 
rhagodioides 
M. brevifolia 6.1 (9.4) aa 46.7 (47.0) c Nil 17.5 (34.2) 
ab 
62.5 (58.3) ef 29.2 (20.0) bc 
A. undulata 39.9 (33.0) c 47.7 (31.7) c Chaff 26.7 (28.3) bc 12.5 (6.7) ab 10.8 (6.3) a 
A. 
rhagofioides 
10.0 (4.5) a 24.1 (16.4) b PVA 10.8 (8.3) a 50.0 (35.8) 
de 
14.2 (7.5) ab 
      DDT 39.2 (35.8) cd 17.5 (12.5) 
ab 
14.2 (9.2) ab 
      PVA 
and 
DDT 
37.7 (34.3) cd 76.3 (48.3) f 16.8 (9.3) ab 
a Results not beside the same letter in each table of means are significantly different < P 0.05. 
The most outstanding result in Experiment A was the marked improvement in establishment 
achieved by using the Mallen niche seeder instead of spreading seed on cultivated land. The 
significance of the result is so clear-cut that the low results in the hand-spread plots were 
excluded from the statistical analyses. No significant effect of time of sowing was demonstrated 
on either site although there was a significant (P<0.01) interaction between species and sowing 
time. 
The highest mean percentage establishment of viable seeds sown was 12.5 per cent for M. 
brevifolia Mallen niche-seeded without chaff on the non-waterlogged site. This result coincided 
with a mean of 75 per cent of successful placements. 
In general the percentage of viable seeds giving plants proved to be a more sensitive index of 
establishment than the percentage of successful placements. Considering the former data chaff 
was found to give a significant (P<0.05) improvement in establishment of M. 
brevifolia and A. undulata in the pre-rain sowings, but not post-rain. This result applied only on 
the waterlogged site, and on the non-waterlogged site M. brevifolia gave the best establishment 
after rain without any mulch: There were marked differences in establishment by the different 
species with A. brevifolia giving the best establishment after rain without any 
mulch. A. rhagodioides gave generally poor results. 
In Experiment B the coefficient of variation was much lower (45.1%) despite the fact that only 
percentage successful placement data were obtained. As shown in Table 2, Rogor reduced 
establihment significantly in M. brevifolia and A. rhagodioides and appeared to be detrimental to 
establishment of A. undulata. Establishment of M. brevifolia was significantly better with chaff 
treated with DDT or DDT and PVA, than without mulch if the assessment was made on the 
January 1977 establishment count. It is of considerable interest to note that the establishment 
counts in the unmulched plots ofM. brevifolia were almost halved between the October 1976 
and January 1977 counts. By contrast the mean establishment figures for all treatments for the 
two Atriplex spp. increased between the two counts, in some cases almost doubling. The mulch 
treatments enabled M. brevifolia to maintain its numbers and even to increase slightly between 
the two counting times. PVA treated chaff gave a significantly lower establishment than the 
other mulches with M. brevifolia, but with A. undulata only chaff with DDT and PVA was 
significantly better (P < 0.05). A. rhagodioides establishment was significantly better without 
mulch than with plain chaff. However, there was no significant difference in establishment 
between the unmulched result and that for any of the treated chaff treatments. Establishment 
of A. undulata averaged 76.3% of placements for the best treatment but M. 
brevifolia and A. rhagodioides reached only 39.2 and 29.2% respectively. 
At the time of the first and second sowings soil samples were taken of the surface soil either in 
the niche or in the cultivated soil to gauge the salinity at the point where the seed was placed. 
The chloride contents of the samples were determined by titration and expressed as per NaCl. 
In the area of Experiment B the mean was 0.33 per cent NaCl for six samples taken in the niche 
in late May. 
Adjacent to the experiment site, runs of the Mallen niche seeder were made in late April with 
chaff but no seed for soil sampling in late May. Samples of the top 10 mm of soil were taken 
from four sections of niche with and without chaff mulch. The former averaged 0.18% NaCl and 
the latter 0.70. The mean of eight niche samples in late April in the area of Experiment A was 
0.37% NaCl and 0.24% in late May. In the conventional plots the corresponding figures were 
1.46 and 0.79% NaCl. 
  
Discussion 
The experiments presented in this paper are the first detailed field experiments conducted using 
the Mallen niche seeder. Because they represent only one season's results they must be 
regarded with some caution. However, the outstanding difference between niche seeded plots 
and conventionally sown plots is most encouraging. Further detailed experiments have been 
conducted more recently with the Mallen niche seeder and will be reported elsewhere. Results 
were sufficiently encouraging for several broadscale areas (about 10 ha each) to be sown in 
1978. A. rhagodioides gave poor results but A. undulata gave 62.5% successful placements on 
the autumn sown site. The site on which this result was achieved was severely salt-affected and 
incapable of growing a profitable barley crop. The niche seeding technique has therefore been 
shown to be capable of producing a stand of salt-tolerant forage shrubs in a single operation. 
The practicability of the niche seeding technique lies partly in the economic aspects of the 
method. The Atriplex spp. grow to a sufficient size for planting on a 3 x 3 metre grid to be 
acceptable. At such a spacing one bag of chaff is sufficient to treat one hectare of land. A closer 
spacing would be desirable with M. brevifolia if it were not for the fact that volunteer seedlings 
rapidly colonise the intervening areas. Denser stands could nevertheless be sown by using a 
closer spacing. The rates of seed used in the experiment for the treatments were approximately 
0.4, 0.3 and 1.2 kg per ha forM. brevifolia, A. undulata and A. rhagodioides respectively. 
The best number of seedlings as a percentage of viable seeds sown was 12.5% but most 
results were much lower. There is therefore considerable scope for improving establishment. 
The amount of seed used is not excessive and if cheap mechanical harvesting techniques can 
be developed, seed supply and cost will not present a problem for large-scale field sowing. 
The results of the various treatment comparisons are confusing. There is no clear general 
benefit from the use of mulch or other treatments. There is scope for more detailed investigation 
of the effects of various mulches and time of sowing.  
The limited account of soil sampling provided some extremely interesting results. In these 
experiments, on the soil type used, the niche seeding technique provided a much less saline 
environment for seed germination than normal cultivation. Moreover, the use of chaff resulted in 
a further substantial reduction in surface soil salinity between late April and late May. It is 
surprising in the light of these results that a clear response to chaff in terms of improved 
establishment was not obtained. 
Summary 
The Mallen niche seeder gave much better establishment of salt-tolerant forage shrubs on 
saline soil than was obtained by spreading seed on scarified ground. Time of sowing and 
various mulch treatments had significant effects on establishment. The effects were different on 
different species and there is a need for detailed work to determine the best planting technique 
for each species. 
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Water projects in northern Senegal have enabled the continuous utilization of vast areas of 
natural rangelands of the Sahelian or Sahelo-Sudanian type, thereby attracting a growing 
number of animals which have become settled there to a greater or lesser degree. One of the 
consequences has been the transformation of the landscape by trampling, overgrazing and 
indiscriminate trimming on the part of herdsmen. This emerges most clearly in areas around 
boreholes and watering points, which during the dry season are characterized by the gradual 
disappearance of the grass stratum. The disappearance becomes total in the immediate 
surrounding area, where the ligneous plant cover is almost entirely destroyed or exists only in 
the form of stunted, enfeebled trees and shrubs, constantly nibbled away by animals. The 
landscape takes on a desolate appearance, which has been aggravated by the sand-storms 
and drought of recent years. 
Since 1975 the Service des Eaux et Forets du Sénégal has launched a pastoral reafforestation 
programme round the Mbidi borehole, after an initial experiment involving the planting of 
eucalyptus (Acacia senegal (L) Wild). The programme was intended to stimulate the 
development of an integrated management system for the population foci constituted by the 
Ferlo boreholes, using species which could adapt to the climatic conditions of the area, and 
following methods which remained to be defined. The programme was extended in the following 
years to boreholes at Tatqui, Vindou Tingoli, Labgar, etc, which are located in the sandy parts of 
the Ferlo. 
The system was thus intended to involve not only water and grassland, but also the browse 
provided by ligneous plants which would be planted to provide shade for the animals, to curb 
wind erosion, and to improve and make more hospitable the environment surrounding the 
boreholes. 
The reafforestation programme required the total protection of the zone planted for at least five 
years, prohibiting the presence of all animals, in order to succeed. One would have expected a 
further transformation of the grass stratum to occur as a result. In fact, up till then, trampling and 
manuring (faeces and urine), which increased in intensity nearer the borehole, had brought 
about changes in the grass stratum. 
The initial observations to which it was subject had shown that this substitution pasture on 
sandy soil (Valenza, 1975) was qualitatively and quantitatively better. This could be seen merely 
by travelling round the boreholes in the sandy part of the Ferlo at the end of the wet season, 
when it was clear that the grass stratum was more abundant and higher, between 0.5 and 1 km, 
than further away, even if more so in a low rainfall year. Dry matter yields and total nitrogen 
content were distinctly higher. 
Subsequent observations (Valenza, 1980) confirmed these yields and further showed: 
a) that beyond 4/5 km the recuperation of the grass stratum was strictly dependent on rainfall; 
b) the unfavourable effects of trampling were at their maximum at about 2.5 km (DM productivity 
was frequently minimal and density sometimes lower); 
c) the nitrogen quota provided by dunging more than compensated for the unfavourable effects 
which trampling might have had near the borehole and promoted vegetation with an excellent 
feed value, which was unfortunately very little utilized since it was rapidly soiled and trampled 
after the end of the rains; 
d) only the vegetation within a radius of 200-300 m around the watering points was really 
degraded, since it was highly nitrophilous and not consumed by the animals (Cassia 
obtusifolia L. sp. pl. andCassis occidentalis L. sp. pl.). 
A reafforestation site located between 0.5 and 1.5 km from the borehole and where trampling 
and dunging would be prohibited for a minimum of 4/5 years would thus have every chance of 
bringing about new changes in the grass stratum, which had hitherto seemed rather 
unfavourable. 
Hence, since 1976, a series of observations has been carried out for the various reafforested 
boreholes, intended to monitor the development of the grass stratum in order to arrive at a 
definition of the optimum utilization conditions for this improved environment. Various utilization 
methods could be envisaged for the development zone following the obligatory prohibition 
period, for example: 
a) opening the site to permanent utilization, as in the non-reforested part; 
b) opening the site to animals only at the end of the dry season; the site would then act as a 
reserve supply of standing dry grass, which would benefit from dunging; 
c) opening the site to animals at the beginning of the dry season, after cutting the green 
vegetation on the site, which would still benefit from dunging; 
d) closure of the site, with utilization of grass by cutting and carrying, but with the suppression of 
dunging and transportation of prunings. 
Observations of this kind can only be carried out at Vindou Tingoli and Mbidi, where the rainfall 
conditions since 1976 have enabled the grass cover to recuperate, which was not the case at 
Tessekre and Labgar in 1978 and 1979. 
Only the botanic composition could be monitored and not productivity, since the various kinds of 
work carried out in the reafforested parts during the first two years to ensure the success of the 
operation (subsoiling, weeding, disk-harrowing, etc) had led to widely differing conditions in the 
area, making any comparative measurement of productivity quote impossible. 
However, from the botanical viewpoint, in the very first year it was noted that the flora had 
become richer, more particularly in species other than grasses and legumes, although there 
was a drop in the number of stocks to the linear metre, or in the density, (see Table 1) and in 
the average height of the vegetation. 
Table 1. Vegetation density. 
Forage 1975 1976 1977 1978 1979 
Vindou Tingoli 
at 0.5/1 km on the site 22.1  5.6   8.5 8.5 8.3 
off the site 12.1  5.8 11.3 6.7 10.7 
at 1/1,5 km on the site 10.7  5.6   8.3 9.1 8.8 
off the site 10.7  7 10 6 8.6 
Whole area 
on the site 10.9  5.7   7.8 8.5 8.1 
off the site 10.9  6.1 10.6 6.2 - 7 
Mbidi 
Pastoral reafforestation site 
on the site – 10.3 16.4 3.3 14.5 
off the site – 10.9 16.8 8.7 18.2 
Eucalyptus site 
on the site – 12.3 13 – 17.4 
off the site – 12.3 14.2 – 25.3 
Although grasses dominate by a wide margin whatever the area and year, the species by which 
they were represented were no longer the same, especially at Vindou Tingoli; within the 
reafforested site no longer the same, especially at Vindou Tingoli; within the reafforested site 
there was a drop in the level of Cenchrus biflorus Roxb. and an increase in Aristida 
mutabilis Trin. and Rupr. andSchoenefeldia gracilis Kunth. 
It is therefore likely that a drop in density, and the substitution of high-producing species by 
others which are less productive, leads to a net decrease in the overall herbaceous biomass. 
But only comparative measurements, which in all probability will be made during the next 
season, will really be able to indicate whether this is true. 
It therefore seems likely that the suspension of the nitrogen quota supplied by faeces and urine 
together with the suspension of trampling, as a result of total protection of an undergoing 
reafforestation, leads to qualitative and quantitative changes in the grass stratum which are not 
very favourable. In all probability there is a case for maintaining these quotas, or at least for 
encouraging them during a certain part of the year, as soon as the necessary period of 
protection for browse plants is over. This would enable considerable amounts of grass with a 
good feed value to be produced. However, there is no doubt that although browse plants need 
to be protected for a certain period, their utilization, especially in the case of browse trees, 
should be managed rationally, not directly by animals but rather by herdsmen, who would prune 
them according to the appropriate techniques for assuring their maintenance. 
A utilization plan could be as follows, once the operation has been a success; total protection of 
the area from July to December, with a cut taken from the grass stratum at the end of the rainy 
season, when the climatic conditions still enable a large quantity of hay with good protein and 
energy values to be harvested (cutting at the optimum mornent would involve too many risks); 
opening of the area to animals between January and July; these would benefit by the foliage 
and fruit of correctly pruned branches, and would provide manure for the following season. 
Admittedly, there are many considerable problems to be overcome: how to give efficient 
protection to the site while enabling it to be opened or closed easily at minimum cost? Who 
would cut the grass and which animals would be allowed to spend some time grazing the area? 
However, this kind of plan or something similar, enabling the direct or indirect utilization by the 
animal of a grass production, to the improvement of which it would have contributed both 
qualitatively and quantitatively, and of both the leaves and fruit of trees also intended to 
rehabilitate the environment around boreholes, would constitute an attractive tree/grass/animal 
combination. 
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Research being undertaken in the Atacama desert of Chile on 
the Tamarugo tree, Prosopis Tamarugo Phil* 
A.G. Robertson 
The Acatama, the driest desert in the world, occupies the central region of northern Chile and 
southern Peru. It receives no rainfall because the high Andes block any flow of moist air from 
the east, and the very cold Humboldt current that runs north along the Pacific Coast produces 
insufficient evaporation to permit rain clouds to be formed in on-shore breezes. The Atacama is 
devoid of vegetation, but rich in scenic beauty and mineral deposits. 
One of the many phenomena of this truly remarkable wilderness is the artificial establishment of 
forests of the Tamarugo tree (Prosopia tamarugo, Phil), in conditions that might ordinarily be 
considered impossible. The Tamarugo is a native of northern Chile and grows naturally in 
watercourses at the foot of the Andes, these small streams being occasionally fed by melting 
snow and sporadic mountain rainfall. At less frequent intervals, the flow is sufficient to carry into 
some of the large salt lakes of the Atacama. 
The Chilean Government, through its semi-private agricultural research organisation (SACOR) 
has established an experimental station (Fundo Refresco) in the middle of the large salt lake, 
Salar de Pintados, one of the four occurring in a large plain in the Atacama known as "la Pampa 
del Tamarugal". La Pampa del Tamarugal lies between latitudes 19°30'S and 22°15'S, at an 
altitude of 1100 metres, and it has an area of 1 250 000 hectares. Fundo Refresco, eighty km 
south-east of the city of Iquique, was established to increase artificially the sparse natural 
Tamarugo groves, to assess their potential for grazing by sheep, the ultimate aim being to 
supply the important northern industrial cities of Iquique and Arica with cheap meat. At present, 
meat is trucked over 2 000 km from southern-central Chile. Fundo Refresco has 15 000 ha of 
Tamarugo forest 7 000 ha being fenced off into 100 ha blocks. This fenced area now holds 12 
000 head of stock, 10 000 of which are sheep, the rest being goats and cattle. There is one full-
time agronomist employed in research, a manager, and about fifty workmen. 
The climate of la Pampa del Tamarugal corresponds to a temperate desert, mean daily 
temperatures being moderate, even though there are occasions when the daily temperature 
variation is up to 40°C. From May to September there are strong and frequent periods of cold 
weather, especially at night, while the intense heat of summer is mediated by cool afternoon 
Pacific Ocean breezes. It never rains, and although relative humidity is generally low, there are 
always some nights throughout the year, particularly in summer, when it is between 80-100%. 
The soils of Fundo Refresco, located on the dry Salar de Pintados, have a cap of salt varying 
from 0.3 - 1 m thick. This hard, rough cap is composed principally of chlorides and sulphates of 
sodium. The soil beneath is a combination of the two types to be found in la Pampa del 
Tamarugal; the deep, coarse, excessively drained, sedimentary soils of the Big Piedmont fans 
that originate in the foothills of the Andes and the fine clays and limes with saline stratas and 
capping that originate from the coast. The result is an alkaline soil of good moisture-retaining 
capacity, and a ground water table of from two to fourteen metres. 
The vegetation of the la Pampa del Tamarugal is very restricted, the principal species 
being Prosopis tamarugo. There also exists the closely related Prosopis chilensis (also known 
as Algarogo chilensis). Two native maltbushes are associated with the Prosopis spp., Atriplex 
atacamensis Phil. and A. desertorum, (neither of which are grazed by stock), Tessaria 
absinthoides, a Distichlis sp. and two Baccharis spp. 
Prosopis Tamarugo, a legume, reaches its maximum height of ten metres at thirty years of age. 
It commonly has three main trunks and three very deep tap roots. Depending on the density of 
planting, the foliage diameter is up to twelve metres. Leaves are tiny, pinnate and clustered 
between the hard, sharp four-centimetre spines that grow regularly along the thinner branches. 
These thinner branches frequently sucker from the lower trunk area and also hang down to 
ground level from all over the spreading main branches making the zone under the foliage 
almost impenetrable in the unpruned tree. The Tamarugo has a longevity of about 400 years. 
Prosopis chilensis is a slightly smaller tree of similar appearance, save that it is much clearer of 
low and hanging thin branches, and they have fewer and smaller spines. Although the 
Tamarugo draws most of its moisture requirements from deep ground water supplies (which 
vary from 1 000 - 3 500 p.m. salts in la Pampa del Tamarugal) it also has the incredible capacity 
of absorbing significant quantities of moisture from the air, through the leaves, which is 
translocated to upper soil levels for later use. This "reverse transpiration" only takes place 
during those nights of the year when the desert air has a relative humidity of greater than eighty 
per cent. The phenomenon occurs most often in summer. 
The production of fruit and leaves from the Tamarugo is considerable. The first fruiting generally 
occurs when the tree attains ten years of age. Flowering takes place twice a year in June/July 
and September/October, although only the later flowering produces fruits which are matured 
and shed in December/February. Production of fallen fruits and leaves is directly proportional to 
the age of the tree and to the density of planting, the latter factor largely determining the 
diameter of foliage projection. Total annual production stabilizes after the tree attains thirty 
years of age and does not appear to be affected by ground-water salinity. 
Table 1 shows the average annual production of fallen fruits and leaves taken from 204 P. 
tamarugo trees growing in a variety of forest densities. 
Table 1. Annual Tamarugo production. 
Age 
(years) 
Average annual production 
(kg/tree) 
Average annual production 
(kg/m2 foliage projection) 
10   25 0.75 
15   57 1.00 
20   96 1.20 
25 138 1.30 
30 170 1.40 
35 190 1.40 
Typically, fruit and leaves each make up about 50% of the total dropped annually by the 
Tamarugo. 
Table 2 is an analysis of the nutritional value of the mature fallen fruit, seeds and leaves of P. 
tamarugo. 
Table 2. Nutritional value of Tamarugo fruits, seeds, leaves. 
Nutrient Measure Fruit (seed in pod) Seeds Leaves 
Dry matter 91 93 88 
Crude protein 11   9.0   9.0 
Digestible protein   6.0 –   1.3 
Fat extract   1.5   8.7   1.8 
Calcium 10   0.3   5.5 
Phosphorus   0.1   1.4   0.1 
Total digestible       
Nutrients 60 – 23 
Research at Fundo Refresco into optimum plantation densities of P. tamarugo is at pesent 
inconclusive, except to narrow the range to between 204 trees/ha. (7 × 7m) and 68 trees/ha. (12 
× 12 m). Preliminary work on foreign production tends to favour dense plantations; however, 
little is known of the management required for dense Tamarugo forest, and economic analyses 
and grazing studies have not been completed. Recent plantations established in la Pampa del 
Tamarugal are at a density of 100 trees/ha. (10 × 10 m). 
Table 3 shows the average expected foliage projection, and annual production from P. 
Tamarugo at different ages and densities of plantation. It also gives the estimated maximum 
potential carrying capacity of the different types of P. Tamarugo forest assuming an annual 
consumption of 800 kg dry fallen forage per adult dry sheep. 
Table 3. Annual Tamarugo production 
Age 
(yrs) 
Plantation 
spacing 
(metres) 
Density 
(trees/ha) 
Foliage 
projection 
(m2/ha) 
Annual 
forage 
production 
(kg/ha) 
Maximum 
carrying 
capacity 
(sheep/ha/ 
year) 
10 13 × 13   60 2 200   1 800   2.2 
20 13 × 13   60 5 200   6 200   7.8 
30 13 × 13   60 7 100   9 900 12 
40 13 × 13   60 7 800 10 900 14 
10 10 × 10 100 2 800   2 200   2.8 
20 10 × 10 100 6 900   8 300 10 
30 10 × 10 100 8 100 11 300 14 
10    7 × 7 204 5 500   5 000   6.2 
20    7 × 7 204 8 500 11 000 14 
30    7 × 7 204 8 700 13 000 16 
The values used for annual forage production come from measurements made with small 
samples, and these estimates of foliage projection assume a circular projection to the ground, 
these being calculated from measurements of average foliage diameter. Experiments at Fundo 
Refresco with caged adult sheep fed a ration of 60% fruits and 40% demonstrated a daily intake 
of 2 - 2.5 kg dry forage, or some 800 kg per year. There are no field experiments to confirm that 
sheep do consume a diet of such proportions and their ration did not take account of the grazing 
taken by sheep from fresh Tamarugo leaves. However, it must be noted that field observations 
verify that almost all the sheep's diet is taken from fallen fruits and leaves. 
It is not completely naive to estimate the potential carrying capacity of Tamarugo forest by 
assuming that all the fallen forage can be retrieved by sheep, as the hard salt cap makes this 
possible if not entirely probable. Trampling does not affect the tough fruits. 
Little is known of the quantitative effects of forage loss and spoilage by insect attack, leaf 
trampling, and excreta contamination of forage. These factors and errors inherent in the 
assumptions used above must be significant, for preliminary investigations suggest carrying 
capacities approximately half those estimated in summer. The fruit of P. Tamarugo are fat, 
exceptionally tough, crescent-shaped pods of about 5 cm long, while those of P. chilensis are 
wide, flattened straight pods of up to 15 cm. The small brown seeds have their coats broken by 
brief immersion in sulphuric acid followed by cultivation in plastic tubes of moist soil. At three 
months of age, when the young trees are some twenty to thirty cm tall, they are planted in the 
bottom of holes, which are themselves sixty to eighty cm deep and eighty cm in diameter. These 
large holes are necessary on the Salar de Pintados to remove enough of the thick salt cap to 
expose the soil underneath. The young Tamarugos are planted in their plastic tubes to 
encourage the growth of tap roots. The six litres of water applied to the trees at planting has 
been found to be sufficient to sustain them during establishment, but not enough to develop the 
young roots, the latter being a significant problem in Tamarugo establishment. 
Present grazing investigations involve sheep, goats and cattle of which the former are, to date, 
the most successful. The four breeds of sheep at Fundo Refresco are Karakul, Suffolk Down, 
Merino Precoz and Australian Merino. 
The Karakul originating from Eurasia, is a fine, strong, meat-producing sheep with coarse, short, 
black wool. Its outstanding physical characteristic is an enormous thick flattened tail which is 
used for fat storage. The meat of the Karakul is reputed to have highly acceptable flavour and 
contains little fat. The wool is of no value but the skin of the lamb has excellent commercial 
prospects for fabrication into winter fashion garments. In 1977, twenty pedigree Karakul rams 
were imported from Australia. The Merino Precoz is the result of the cross between French 
Merino and German Merino, two popular dual-purpose breeds from central Chile where they are 
used primarily for meat production. 
The Australian Merinos at Fundo Refresco were producing the poorest weight gains of any of 
the breeds. However, the specimens being used were of extremely poor quality, being very thin 
and tiny, and results obtained from the present animals should be not taken as a guide to the 
potential of the breed. However it must be said that the Australian Merino probably does not 
fulfill the primary objective of SACOR at Fundo Refresco, that being firstly cheap meat 
production, wool being of minor consideration. The most successful animal, in terms of growth 
rate, has been the Karakul Merino Precoz. Growth rates are good, but unfortunately cannot be 
presented here. The pure Karakul and Merino Precoz also produce well. Suffolk Down 
performance has been satisfactory. 
There are some 400 Angora goats at Fundo Refresco and preliminary results are promising if 
goat meat production is the aim, for no investigation is being undertaken of mohair yields. 
The cattle sighted at Fundo Refresco were Herefords with some Santo Gertrudis Hereford 
calves. The Hereford calves showed very poor growth while the few results from cattle grazing 
are preliminary and inconclusive. 
All indications at present point to sheep being the most productive animal to graze Tamarugo 
forest. The management of Tamarugo forest is not easy and certainly not completely 
understood, particularly as regards dense planting. 
The principal problem of Tamarugo management is the clearing of low and hanging branches to 
allow sheep free access to graze fallen fruits and leaves. The pruning is a painful and tedious 
task. A Chilean labourer usually completely prunes forty trees per day, although there are trials 
in progress to test the effectiveness of clearing only sufficient branches to permit a sheep entry 
under the canopy. (The one big advantage P. chilensis has over P. Tamarugo is that its trunk 
and main foliage are much cleaner of low thin branches and it has fewer, smaller spines. 
However, it is said to be a more irregular producer of forage). At Fundo Refresco the pruned 
branches are piled together to make very effective internal fencing. 
The second problem is the annual predation on mature seeds by the larvae of an indigenous 
butterfly. At the end of autumn it is apparently rare to find a Tamarugo seed pod that has an 
intact seed complement. This annual predation must considerably deplete the nutrition available 
to the sheep. 
Other problems include the necessity to establish colonies of beehives in the forest to ensure 
the maximum fruiting as natural pollination levels are low. Rats, which live in burrows in the salt 
cap, also cause damage, eating the bark of the young trees. Problems of sheep management 
relate principally to the penetration of the long Tamarugo spines into the feet and eyes of stock. 
Constant vigilance of the flock is needed, as lameness is a regular problem. The rough salt cap 
of Salar de Pintados has many deep narrow holes in which sheep occasionally catch and break 
their feet and the feet of the sheep need constant clipping. The salt cap is poisondis to stock 
and blocks of pure salt are laid out for sheep. The salt blocks are consumed avidly. Vitamin A is 
deficient in a Tamarugo diet and each sheep is given 1.5 million units in two or three injections 
per year. One further problem of management is that effective grazing cannot be commenced in 
the year of first fruiting. Tamarugo forest establishment in Chile costs about 1 000 Chilean 
pesos ($ Aust. 29) per hectare. This cost includes planting, stock water supplies, fencing and 
other incidentals. About 70% of this total cost is consumed by manual labour, and the basic pay 
of a farm labourer at Fundo Refresco is approximately $ Aust. 16 per week with board and 
keep. 
The introduction of the Tamarugo tree to the arid zone of Australia appears to have good 
prospects in those areas that can fulfil the specialized environmental needs and that can be 
justified economically, because it has a high carrying capacity, very few maintenance 
requirements and is long lived. 
The prospect of whole farms becoming Tamarugo grazing enterprises seems unlikely and one 
sees the greatest value of the tree arising from strategic plantations being used as drought 
reserves, as sources of summer nutrition or in raising the productivity of salt-affected lands and 
salt lakes. It must be noted however that there can be considerable difficulty in switching 
inexperienced sheep from the grazing of pasture to the foraging of dry fruits and leaves on the 
ground. 
Further information regarding the research of Fundo Refresco can be obtained from either: Ing. 
Pedro Joustra, Sociedad Agricola CORFO Ltd, Matias Cousina 64, 3°, Santiago, Chile, or Ing. 
Manuel Montt, Fundo HRefresco, Casilla 2245, Equipe, Chile. 
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Introduction of browse plants in the Sahelo-Sudanian zone** 
P. Gosseye 
Associate expert (Agronomy), FAO/ILCA, Bamako, Mali 
1. Introduction 
The importance of browse plants in the Sahel and Sudano-Sahelian zones for animal feeds no 
longer needs to be demonstrated. Within the general context of the study of these ligneous 
plants, whether it concerns their ecology, their productivity as related to utilization methods, their 
period of utilization or their nutritive contribution for different ruminants, there was a need to test 
different propagation and planting methods and to try out the introduction of various local and 
exotic varieties. 
Nursery propagation methods include drilling seeds or planting rootstocks and various kinds of 
cuttings. Starting procedures are either potting at the end of the dry season (May–June) 
followed by planting out at the beginning of the rains (July), or else direct drilling. The question 
of how to treat the seeds in order to increase their germination rate also arises. 
Methods have to be developed which, ideally, can be applied by arable farmers or livestock 
producers, taking into account the amount of labour required in their major farming activities. 
For arable farmers, the end of the dry season is taken up with clearing the fields, an occupation 
which leaves some time free. As soon as the rains come in sufficient quantities to make the soil 
workable, all the available time is devoted to subsistence crops, either the dry land crops of the 
Sahelo-Sudanian zone (mid July-mid August), or else for crops grown in rice plots. 
2. General remarks 
The nursery trials were carried out at the SERZS1, in Niono, on the Office du Niger (ODN) 
irrigated perimeter. The planting out trials were carried out on the SERZS ranch situated 7 km 
east of the station and 4 km south of N'tila. The rainfall station on the ranch is 5 km northeast of 
the trial areas. The rainfall data are presented in Table 1. 
Table 1. Monthly rainfall for browse plant sites on the ranch, 1977–1979a. 
  1977 1978 1979 
Month mm days mm days mm days 
March – –   10   1 – – 
April – –   20   5 – – 
May   19   1   11   4   20   3 
June   28   6   36   3   48   5 
July   66   8 140   9   91   8 
August 203 12 119   9 130 12 
September   66   7   70 13   91   7 
October – –   13   4    9   2 
Total 382 34 419 48 389 37 
a L. Stroosnijder, unpublished date 
1Station d'Elevage et de Recherches Zootechniques du Sahel. 
The soils consist of dunes formed by wind erosion during the present epoch and maximum 
slopes of 3%. The upper layer consists of very fine loamy sand. At a deeper level there is very 
fine sand loam (Table 2). Drainage is excellent but the surface has a marked tendency to form a 
crust owing to its granular composition and the presence of blue-green algae. For rainfall in 
excess of 20 mm this situation can give rise to runoff losses amounting to 50%. The soils are 
classified as ochric arenosols (FAO-UNESCO, 1974). 
Table 2. Granulometric composition of dune soils on the ranch. 
Texture depth (cm). 
Clay 2 um 0-10 30 80 150 
     6 13   9 10 
Alluvium 2-5 um 20 18 15 14 
Sand 50-105 um 60 56 64 66 
Sand 105 um 14 13 12 10 
aL. Stroosnijder, unpublished data. 
3. Nursery studies 
3.1. Experimental procedure 
These trials involved seeds, rootstocks and cuttings. 
Seeds. In 1977 sowing was carried out in pots made of plastic wrappers filled with a mixture 
consisting of an equal volume of earth, coarse sand and manure. Each pot was planted with 
three seeds between 28/5/77 and 3/6/77 and placed under shade with regular watering. Some 
species of seed were treated with hot water. This method consisted of immersing the seeds in 
boiling water, leaving the mixture to cool and recovering the seeds 24 hrs. later, followed by 
immediate sowing. 
In 1978 various methods of treating seeds were tried out: these included 20% sulphuric acid, a 
non-titrated solution of caustic soda, mechanical scarification, polishing with an emery cloth, 
soaking in boiling water from 30 seconds to minutes, followed by immersion in cold water for 
between 48 and 72 hours, depending on the size of the seeds. Only the latter treatment was 
retained and subsequently applied to all the varieties used, except for Atriplex. As soon as 
soaking was finished the seeds were sown at a rate of 4 per pot, between 5/4/78 and 5/5/78, 
placed under shade and regularly watered. The pots and the mixture used were the same as for 
the 1977 trial. In 1979 a germination trial on untreated seeds was carried out. Four batches of 
110 seeds per variety were placed between two wads of cotton wool and covered with jute 
sacks. Plentiful watering and a sorting operation to eliminate germinated seeds were carried out 
each morning. 
Rootstocks. Dressed rootstocks were taken from local trees on the ranch and planted in the 
nursery, without shading but with regular watering. This operation was carried out in June 1977. 
Cuttings. In 1977 propagation from cuttings involved three different parts of the plant: non-
lignified cuttings, lignified cuttings and heel cuttings. All three kinds were dressed in a mixture of 
earth and cow-dung and planted in nurseries without shading but with regular watering. 
On 10/7/78 a propagation trial was carried out. The parts used were sprigs which had become 
well lignified. The cuttings were planted in the same type of pot, filled with the same mixture; 
shading was provided and there was regular watering. The trial involved ten varieties and 8,698 
cuttings. 
Development in the nursery. Following drilling in 1978, as soon as the younger plants put out 
their second leaf the containers were heeled in, placed in full daylight and regularly watered. 
After a fresh wave of mortality the plants were thinned out to one stock per pot. 
3.2. Results and discussion 
Germination. The results of the germination trials on seeds in pots (1977) and between cotton 
wads (1978) are shown in Table 3. Only the more promising species are given. Most of them 
are of local origin. The results for 1978 are presented in Table 5. It should be noted that exotic 
ligneous species were more successful in 1978 than 1977. The legumes in particular showed a 
fairly satisfactory survival rate. 
The following list gives the species which showed a germination rate of between 2 and 3%. The 
seeds were treated with hot water, with the exception of Dalbergia sissoo, Acacia cyanophilla, 
A. ligulata, A. salicina, A. tortilis, Dalbergia sissoo, Prosopis cineraria, P. juliflora and Ziziphus 
nummularia. 
In the case of the species given in the following list, either there was no germination or else the 
young plants quickly died off: Acacia angustissima, A. currassavica, Atriplex canescens, A. 
halimus, A. nummularia, A. paludosa, A. undulata and A. versicaria. 
On examining Tables 3 and 5 we shall be able to classify seed treatments according to their 
effectiveness with regard to germination, under controlled conditions with watering and 
protection against predators. 
1. Soaking in boiling water from 30 seconds to 2 minutes, followed by bathing in cold water 
from 48 to 72 hrs according to the size of the type of seed. 
2. Soaking in boiling water followed by bathing in the same water which gradually grows 
colder over 24 hours. 
3. No treatment at all. 
Only Combretum aculeatum seeds in good condition germinate better without any treatment at 
all. The non-emergence of species shown in the list following Table 5 could be due to a loss of 
germinating power following prolonged storage in conditions which were not ideal. Some 
varieties did germinate but rapidly perished by damping-off. 
Table 4 shows three categories of recovery rate for rootstocks. It should be noted that the 
rootstocks were placed in favourable conditions and watered. Unfortunately there is nothing to 
be said on the strike rate for these root-stocks under dry conditions. Hence these operations 
should be carried out only when rains have well and truly set in. 
Table 3. Germination rate (%) for species sown in pots and between cotton wads. 
    Cotton wads after 
  Pots 15 days 30 days 
Local speciesa 
Combretum aculeatum 78 68 68 
Acacia seyal 78b 20 25 
Acacia albida 60b 15 45 
Sclerocarya birrea 53 _ _ 
Bauhinia rufescens 30b   1   3 
Ziziphus mauritania 32b   0   0 
Exotic species 
Acacia salacina – 13 17 
A. horrida –   6   7 
A. melanoxylon –   1   1 
Prosopis juliflora – 11 23 
a The following did not germinate: Pterocarpus lucens, Cadaba farinosa. 
b Seeds treated with hot water. 
Table 4. Strike rate (%) for root-stocks and various types of cuttings. 
                                    Cuttings 
Species Root-
stocks 
Non-lignified lignified heel 
Acacia albida 63 0   0  0 
Balanites aegyptiaca 62 0   0  3 
Boscia angustifolia 60 0 11  5 
Grewia bicolor 60 0 12 19 
Acacia seyal 35 0   3 0 
Combretum aculeatum 34 0   0 0 
Bauhinia rufescens 26 0 0 0 
Pterocarpus lucens 21 0 0 0 
Ziziphus mauritiana 20 0 0 0 
Cadaba farinosa – 0 0 0 
Sclerocarya birrea – 0 0 0 
Table 5. Classification of species according to nursery survival rate and relative emergence. 
  % Emergence % Survival 
51 - 100% Survival: 
Bauhinia refuscens 71 71 
Leucaena leucocephala 60 60 
var. Cunningham 
Acacia albida 70 57 
A. victoriae 69 57 
Combretum aculeatum 51 51 
21 - 50% survival: 
Pilostigma reticulata 60 50 
Leucaena leucocephala 65 47 
L. leucocephala 71 47 
var. Hawaian giant K18 
Prosopis cineraria 42 40 
Leucaena leucocephela 76 40 
var. Peru 
Acacia seyal 62 39 
Prosopis juliflora 31 22 
11 - 25% survival: 
Dalbergia sissoo 43 18 
Acacia melanoxylon 34 15 
3 - 10% survival: 
Acacia nilotica   8   7 
A. cyanophylla 14   6 
A. tortilis 19   5 
A. salicina 10   5 
A. kempeana 18   3 
A. senegal   4   3 
The propagation method is slow and requires plenty of manpower. 
Cuttings. Table 4 shows that the utilization of cuttings is disappointing. The experiment used 
several different diameters of wood. Only the larger diameters (2–2.5 cm) provided any real 
chances of recovery. If we had used only the thicker diameters for these trials, the strike rates 
for cuttings in Table 4 would have been approximately double. 
During this experiment we found that the cuttings showed an apparent recovery since dormant 
buds opened out with the growth of sprigs left on the stalk. As reserves were gradually 
exhausted the cuttings died off without putting out any roots. Root development appeared to be 
very slow and as a result planting out during the same season has been ruled out. 
Consequently we have to keep the plants throughout a dry season before planting them out at 
the beginning of the following rainy season. 
The final number of live shrubs from potted cuttings is accounted for by the low strike rate (3%), 
losses from storage and the final percentage of recovery for stocks planted out. This method 
could be used for propagating seed-bearers for tree species where seeds are not yet available. 
Owing to the slow progress of root development and the needs for shade and watering, this 
method can be ruled out for direct use in dry zones (350–500 mm rainfall). 
Nursery development. Table 5 gives the result for development in the nursery of the young 
plants after drilling. The percentage emergence rate is relative and not absolute. Each pot was 
sown with four seeds, but a pot with one or four young plants when removed from shading has 
the same value for the calculation of the percentage emergence. In other words a 70% 
emergence rate means that for 100 pots sown, i.e. 400 seeds, 70 pots were successful, 
producing 70 and 280 seedlings. On the other hand, a nursery survival rate of 70% means that 
for 100 pots sown 70 young plants were suitable for planting out on emergence, once the early 
growth had died off and the plants had been thinned out to one stock per pot. 
The following species did not emerge at all: Acacia cambage, A. currasavica, A. estrophiolata, 
A. farnesiana, A. georginae, A. stenophylla, Atalaya hemiglanca, Atriplex atacanensis, A. 
breweri, A. canescens, A. glauca, A. vesicaria, Brachychiton gregorii, Colospermum mopane sv. 
Impala, Combretum heroresence, C. imberbe, Eremophila longifolia, Geijera parvifolia, Grewia 
flava, Hererodendron olgifolium, Prosopis tamarugo, Terminalia sericea and Ventilago 
vimenalis. 
  
4. Planting on the ranch 
4.1. Experimental procedure 
Plants grown in pots. In August 1978 the plants in the nursery were planted out on the livestock 
ranch. For the purposes of this operation furrows 30 cm deep were dug at 10 m intervals with 
the displaced soil on the down slope side and as far as possible following the contour lines. The 
plastic wrapper was carefully split all the way up the pot and the stocks were then placed at the 
bottom of the furrow, at intervals of 10 m. The planting pattern was arranged so that the 
humidity gradient between the top of the slope and the bottom was represented for each 
species. It should be noted that out of 419 mm of rain during 1978, 278 mm had already fallen 
before planting, 24 mm fell during planting and 116 mm came after planting was over. 
Counting operations were carried out after the rainy season, at the beginning of the 1979 rains 
and again in December 1979. The experiment required the use of 14, 122 pots for 48 varieties, 
of which only 1,897, representing 19 varieties, were actually tried out on the ranch. 
Direct drilling. In 1979 the emphasis was placed on direct drilling in situ at the end of the dry 
season. The advantages of this method were its rapidity, the fact that it could take place during 
a period which was not too busy and that it was very easy to carry out in comparison with the 
method of sowing in pots followed by planting out. 
The seeds were given two treatments. The first consisted of planting them as they were. The 
second consisted of scalding them from 30 seconds to 2 minutes according to the size of the 
seed, washing them in cold water and then leaving them to dry in the shade. The 18 furrows for 
the 1978 trial were used again without reploughing. The seeds were drilled between the bottom 
of the furrow and the top of the ridge formed by the displaced soil. Each variety was established 
in a group of ten pockets with three seeds per pocket and 30 cm between each pocket, with 
each being marked by a peg. One metre was left between each group. Each variety and 
treatment were represented in the humidity gradient by the slope. Two replicates were mounted, 
i.e. a total of 7,920 pockets, at a rate of 720 pockets per variety. Drilling was carried out from 7 
to 13 June 1979, when 39 mm out of a total of 389 mm of rain had already fallen, while 23 fell 
during planting operations and 327 mm occurred after planting (Table 1). 
4.2. Results 
Plants grown in pots. Survival trends during the 18 months following planting again showed that 
local species were more successful than exotic varieties (Table 6). However, for all species 
mortality during the early dry season is fairly serious and the survival rate continues to fall off 
during the following six months. 
Table 6. Strike rate (7%) for browse plants planted out in pots on the ranch at three observation 
dates. 
Species Recovery (%) 
  27 Oct. 1978 26 June 1979 13 Dec. 1979 
Bauhinia rufescens 92 75 67 
Acacia tortilis 89 78 44 
Piliostigma reticulata 80 60 53 
Dalbergia aissoo 80 40 20 
Combretum aculeatum 75 75 19 
Prosopis cineraria 76 17   9 
P. juliflora 69   6   4 
Acacia albida 49   9   6 
A. victoriae 59   9   3 
A. melanoxylon 15   6   6 
Acacia nilotica 89 33   6 
A. salicina 67 33   0 
Leucaena leucocephala 54   5   0 
A. cyanophylla 27   2   0 
Acacia horrida 60   0   0 
A. kempeana 25   0   0 
Leucaena leucocephala var Hawaian giant 
K18 
21   0   0 
L. leucocephala, var. Peru 17   0   0 
L. leucocephala, var. Cunningham 11   0   0 
Acacia aeneura, A. brachystachya, A. ligulata, A. senegal, A. seyal, Atriplex nummularia, 
Ziziphus nummularia did not survive the first rainy season. 
From Table 7 it can be seen that emergence falls to very low levels in the natural environment 
and that scalding the seeds does not seem to encourage emergence. A more efficient method 
could be used, such as scalding followed by prolonged soaking in cold water, but this would 
imply drilling in moist soil to ensure continued germination, which would delay drilling until mid-
July or the beginning of August, a period devoted to food crops. It may also be seen that without 
treatment germination spreads out in time. Only in the case of Combretum aculeatum seeds in 
good condition is there complete germination in under a fortnight. 
Table 7. Emergence rate (%) at end of October 1979 for direct in situ drilling on the ranch. 
Local species Treated Controla Exotic species Treated Control 
Combretum aculeatum 0.3 8.1 Prosopis juliflora 0.1 0 
Acacia albida 1.3 0.5 Acacia horrida 1.0 0 
A. seyal 0.4 1.0 A. melanoxylon    0 0 
Bauhinia rufescens 0.4 0.9 A. salicina    0 0 
Ziziphus mauritiana 0.1 0.8       
Cadaba farinosa    0    0       
Feretia apodanthera    0    0       
a seeds immersed in boiling water for 0.5-2.0 minutes. 
5. Conclusions 
The method involving the use of pots, a nursery and planting out has the disadvantages of 
being expensive, of requiring plenty of manpower and means of transport. 
Nursery survival rates are highly variable but generally good. Mortality reaches its highest point 
a few days after the plants have been brought out into full sunshine. To reduce this mortality it 
will be necessary to harden the young plants by a process of gradual exposure. Our plant 
shelters were not designed with removable roofs, but if they had been they could have been 
opened during the morning and evening. 
Direct in situ drilling is far more economical but requires more seeds on account of the losses 
due to predators. It also appears that to succeed this method requires a year which is not only 
rainy but also one in which the rains are well distributed, a factor which can never be catered for 
in advance. The results obtained by this method could be improved by a proper treatment of the 
seeds, if possible by a dry method so as to avoid triggering off a germination process which will 
afterwards be thwarted by lack of water. If a wet method is used drilling must be carried out in 
moist soil. The young plants obtained by in situ drilling are also very sensitive to competition and 
require hoeing. In situ drilling for windbreaks or hedges might be tried out for seeds which have 
passed through the digestive system of an animal. Whatever method is used, restricted grazing 
and protection from burning for at least three rainy seasons are necessary. 
We were also able to establish that local varieties were more successful. These varieties are 
self-propagating under conditions which suit them. In this case also, minimum management of 
rangeland is required to avoid deforestation and ensure natural regeneration. 
Reforestation with local browse plants would be necessary in cases where deforestation is too 
advanced. Exotic varieties however, need not be ruled out altogether. 
  
Drought resistant fodder shrub crops in South Africa* 
G.C. De Kock 
Grootfontein College of Agriculture, Middleburg, Cape Province 5900, South Africa 
1. Introduction 
Approximately ninety percent of the total area of the Republic of South Africa consists of natural 
pasture. Approximately sixty-five percent of this area is semi-arid. Owing to the inconsistency of 
the rainfall in this area moderate and severe droughts are the rule rather than the exception. 
The South African stock industry regularly suffers exceptionally large losses as a result of a 
scarcity of food during droughts. There is thus a shortage of low cost fodder, especially during 
droughts. 
The most important single factor limiting plant production in the Republic of South Africa is the 
lack of moisture. Increased plant production in these areas is thus coupled to factors which will 
either increase the amount of moisture or make better use of it. Irrigation water is limited in 
these areas and practical methods of increasing the rainfall are not available, with the result that 
the establishment of drought-resistant fodder crops, which make better use of the available 
moisture, remains the most important possibility. 
Due to the low relative water requirements of spineless cactus (Opuntia spp.), oldman saltbush 
(Atriplex nummularia) and American aloe (Agave americana), as shown in Table 1, these crops 
are at present the most important drought-resistant fodder crops. 
Table 1. The relative consumption of water by crops. 
Crop Mass of water (kg) required to produce 1 kg of 
dry material 
American aloe   93 
Spineless cactus 267 
Oldman saltbush 304 
Fodder sorghum 369 
Maize 369 
Wheat 507 
Lucerne 750 
With the exception of the higher mountain areas where the minimum temperatures drop to lower 
than–12°C, rainfall is the most important limiting climatic factor in the establishment of drought-
resistant fodder crops. The rainfall areas which can be regarded as drought-resistant fodder 
crop areas can be indicated on the map of the average annual rainfall of the Republic of South 
Africa as follows: 
1. The 375 to 500 mm rainfall area can be regarded as the area where drought-resistant 
fodder crops are cultivated chiefly for fodder reserves in times of seasonal and 
catastrophic droughts, as the general dryland cultivation of the known fodder crops does 
not produce sufficient fodder. 
2. The 250 to 375 mm rainfall areas are the natural drought-resistant crops areas. The 
main purpose in these areas must be to strive for higher production per unit of area by 
the improvement of the natural vegetation by means of planting drought-resistant fodder 
crops in the veld, or supplementing the veld with drought-resistant fodder crop 
plantations. 
3. The 100 to 250 mm rainfall area is the area where, due to the limited amount of irrigation 
water available, preference should be given to the propagation of drought-resistant 
fodder crops under limited irrigation because of their better water irrigation. 
The planting of drought-resistant fodder crops not only assures the building up of fodder 
reserves, but they can also be grazed annually, or in times of drought, and can play an 
important part in the conservation and improvement of the natural vegetation. After good rains, 
stock can be removed from the veld and maintained on these crops for a period of from four to 
six weeks. The veld is thus given a chance to recover and seedlings can become established 
before grazing recommences. 
To achieve his purpose, it is desirable to establish paddocks of these crops in strategic places in 
the veld. If the soil is suitable, these plantations can be established to advantage near dams or 
other water sources in the veld. 
The control of soil erosion, efficient grazing control and fodder conservation (the making of hay 
and silage where possible) contribute considerably to the strengthening of the farmer's position 
in times of drought, but the establishment of drought-resistant fodder crops is a very important 
factor that is often disregarded. 
In the arid and semi-arid areas of the Republic the establishment of drought-resistant fodder 
crops should form an important part of the farming enterprise. There are various plants which 
can be used as drought-resistant fodder crops. The most important are spineless cactus 
(Opuntia spp.), drought-resistant shrubs, such as oldman saltbush (Atriplex nummularia), and 
American aloe (Agave americana). 
2. Requirements of a drought-resistant fodder crop 
a) As the name implies the crop must be relatively drought-resistant. It must not only be able to 
survive long droughts, but must also be able to produce large quantities of fodder during 
preceding times of plenty or periods of favourable rainfall, which can be utilised during periods 
of drought. 
b) Drought-resistant fodder crops must have a high carrying capacity. 
c) It must be able to supply succulent fodder to animals during droughts. 
d) It must not have an adverse effect on the health of the animals utilising it. 
e) Severe utilisation must not have an adverse effect on the plants. In other words, the plants 
must have a high recovery ability after severe utilisation. 
f) The establishment must have as few problems as possible. 
g) The establishment and maintenance of the plantations must be economical. It must thus have 
a low initial cost. 
h) The plants must be relatively not very fastidious regarding soil and climatic requirements. 
They must thus be adapted to a wide series of soil and climatic conditions, so that they can be 
planted where the cultivation of ordinary fodder crops is an uncertain undertaking. 
3. Spineless cactus 
3.1. Introduction 
Spineless cacti have on occasions been referred to as "camels of the plant world", "Nature's 
fodder bank" and "Living fodder banks". These apt references to spineless cactus are also very 
descriptive of the crop. 
Spineless cacti possess the exceptional characteristics of begin able to store large quantities of 
water in their succulent leaves in a relatively short period. A shower of rain measuring a few 
millimetres which would normally be of no value to the ordinary fodder crop, can be efficiently 
utilised by spineless cacti. This is made possible by their relatively shallow spreading root 
system and their ability to absorb water from the soil at a stage when other crops can no longer 
do so. 
3.2. Description of the crop 
The family Cactaceae is one of the newest plant families which possibly originated in the West 
Indian Islands. The spineless cactus and the prickly pear belong to the genus Opuntia. These 
cactus plants are indigenous to the Americas. They occur from Patagonia in South America to 
the Peace River in Canada. Some species even occur in tropical forests. The Optuntias are 
usually limited to the arid and semi-arid regions. Because of their different appearance these 
plants are spread over the whole world today. Due to the absence of their natural enemies, 
some species are problem weeds, for example, Opuntia aurantiaca (jointed cactus) in South 
Africa and Opuntia ficus-indica (prickly pear) in South Africa and Australia. 
Table 1.2. A comparison between the fodder yield and the amount of digestible nutrients 
produced by spineless cactus, oldman saltbush and lucerne per unit of water (25 mm) received. 
Season Spineless cactus Oldman saltbush Lucerne 
  Fodder yield Digestible 
Nutrients 
Fodder yield Digestible 
Nutrients 
Fodder yield Digestible 
Nutrients 
  kg kg kg kg kg kg 
1   161.6   100.4   578.3 235.6 247.5 137.0 
2 3001.0 1746.3   944.8 397.2 367.4 208.4 
3 3551.8 2081.0 1229.4 555.8 394.9 210.5 
4 2169.1 1279.5   752.6 303.2 316.4 180.5 
Mean 2220.9 1301.8   876.3 373.0 331.5 182.0 
The spineless cactus is a recessive mutant of Opuntia ficusindica which is normally spiny. It is 
chiefly descended from selections from natural spineless populations and is also known as 
Burbank cactus as a result of the selection work which Luther Burbank, a well known plant 
breeder, carried out in North America. The spineless cacti which are planted as a fodder crop in 
South Africa, of which there are a few cultivars, have descended chiefly from the Burbank 
selections which were imported as fodder plants in about 1914. 
The spineless cactus is a dicotyledonous perennial, with pads which are modified stems. The 
spines are modified leaves and are a good example of xerophytism. The plant is thus leafless. 
The pads are covered by a layer of wax and thick epidermis which limit evaporation. The 
stomata are sunken and close when the temperature or the light intensity rises; they are usually 
closed for the largest portion of the day. 
Spineless cacti absorb water through their roots and combine it immediately with a hydrophilic 
mucus compound from which the water evaporates very slowly. This compound is stored in the 
fleshy mesophyll in the cells of the pads. Photosynthesis takes in a thin surface layer of cells in 
the pads or stems. The plants also possess a closed oxalic acid metabolism, due to respiration 
during the night and morning, the pad contents are acid and free acid is present in the plant. 
Photosynthesis takes place during the day with the consequent formation of carbohydrates 
which recombine with the acid, resulting in a reduction of the acid-content of the pad. 
Spineless cacti form taproots, which anchor the plant, with a horizontal basal root system which 
spreads horizontally. These basal horizontal roots are fleshy, very shallow and appear just 
below the soil surface for water absorption. The surface of the root system is suberised to 
prevent dessication. A spineless cactus pad can lose as much as 60% of its total water-content 
before the cells collapse. The pads are well provided with a fibrous network of veins through 
which the movement of nutrients takes place. This fibrous network also serves as a mechanical 
reinforcement to stiffen the plant when it dries out or wilts. 
The flower is round with bright coloured petals. The ovary is thick and fleshy and situated in a 
connate calyx with a large number of detached stamens with anthers on their tips. It is usually 
pollinated by insects and the stigma usually opens a few days after the flower opens. 
Various polypoid forms occur. The normal blue-leafed cultivars which are propagated for fodder 
have 44 chromosomes per somatic cell while the green-leafed types which are propagated for 
fruit production have 88 chromosomes per somatic cell. The fruit contains a large number of 
seeds. The seed is hard-coated and because of cross-pollination and reversion (atavism) the 
seed is not used for the establishment of spineless cactus. 
3.3. Establishment of spineless cactus 
Although spineless cacti are reasonably resistant to cold and can withstand temperatures as low 
as–10°C, it is desirable to establish plantations when possible on the northern or northeastern 
slopes (in the southern hemisphere). 
Spineless cacti do well on a variety of soils types, but for optimum growth and production it is 
better to plant them in good soil unless they are being used entirely for reclamation. Fertilisation 
is only necessary at planting time if the soil is low in phosphates and potash. These deficiencies 
can be supplemented with 50 to 100 kg, superphosphate and 50 to 100 kg potassium chloride 
per hectare. If the soil is poor in nitrogen 50 kg of ammonium sulphate per hectare can be 
applied. Fertilisation should be based on soil analyses. 
The best planting time is spring: from September to October. The pads are well developed and 
ready to sprout at this stage and the plants should then be well established before the first frost 
and well able to withstand the winter. Only pads which are more than a year old are used for 
planting. The pads need not be allowed to wilt before planting. As soon as the wounds where 
they were cut off are healed (calloused) they can be planted. 
When spineless cacti are to be established in areas which are predominantly grass-land, it is 
desirable to cultivate the soil with a plough or disc to eliminate the initial competition between 
the grass and the newly-established spineless cactus.  
There are various methods of planting the pads: 
a) The simplest method is to lay the pad flat on the ground, with a stone or a spadeful of soil on 
the pad. This method requires less labour and is suitable where furrows cannot be drawn. 
Spineless cactus pads in this way are in general inclined to develop more slowly. New growth 
takes place solely from the rim of the pad and the resultant stems are weakly joined to the 
original pad. When strong winds occur these stems tend to break off easily. 
b) Pads can be planted on their edges in loose soil or against the side of a furrow made by a 
single furrow plough or a subsoiler. It is desirable to keep the point where the pad was cut off 
above the surface of the soil, as this is where fungi, which cause rotting, tend to enter the pad. 
With this method a strong plant is obtained and this plant also develops quicker. Rain is also 
utilised more efficiently as the water collects in the furrows and can be utilised by the plants. 
This method however requires more labour and than the first method. 
c) The quickest growth and development is obtained when double pads are planted. Although 
more pads, time, and labour are required for this method, the plants are ready for utilisation 
much sooner. 
The general spacing for spineless cactus established in plantations is in rows 3.0 to 4.5 m apart 
and the plants 1.5. m apart in the rows. The distance between the rows and also between the 
plants in the rows can however vary according to circumstances. In order to establish the 
largest possible number of pads per hectare the rows can be spaced alternatively, 3.0 and 1.5 
m apart. The number of pads necessary for the different spacing are given in Table 3.1. 
Table 3.1. The number of pads required for the different spacing of spineless cactus. 
Distance between 
rows metres 
Distance between pads in the row 
metres 
Number of pads required to plant one 
hectare metres 
3.0 1.5 2 280 
4.5 1.5 1 540 
3.0 2.0 1 735 
4.5 2.0 1 175 
1.5 and 3.0 1.5 3 080 
3.4. Spineless cactus cultivars 
For fodder production a distinction can be made between the so-called blue-leafed cactus and 
the green-leafed cactus. As far as possible only the blue-leafed types should be planted for 
fodder production. These blue-leafed types have the following advantages over the green-leafed 
types: they are resistant to cochineal; less susceptible to cactoblastis infection; more drought 
resistant. The disadvantages of the blue-leafed types are that they are less palatable and 
usually yield less than the green-leafed spineless cactus. 
There are three recognised cultivars of the blue-leafed type namely, Robusta, 
Monterey and Chico. The cultivars Robusta and Monterey produce the highest yields 
while Chico is more cold resistant. Preference should be given to the 
cultivars Robusta and Monterey. 
3.5. Reclamation and conservation of the veld 
Spineless cactus is not only of value as a source of succulent fodder during droughts but can 
also be of use in the reclamation of bare patches and in the conservation of the veld. The ability 
of spineless cactus to grow even under extremely unfavourable conditions, makes it possible to 
establish these plants on bare patches in the veld, where they assist natural revegetation on 
these exposed areas. 
As the natural grazing remains the most economical source of stock-feed, the farmer must do 
everything in his power to conserve and to improve this source. In this aspect spineless cactus 
can be of great value as a reserve fodder source for stock which can then be withdrawn from 
the veld after rain in order to allow the veld to recover. 
3.6. The establishment of spineless cactus under limited irrigation 
Spineless cactus only requires 267 kg of water to produce 1 kg of DM compared to lucerne the 
most important fodder crop in the arid regions, which requires 750 kg of water to produce 1 kg 
of DM. Lucerne thus requires nearly three times as much water as spineless cactus to produce 
1 kg of DM. In terms of area and available water, three hectares of spineless cactus can be 
planted to every hectare of lucerne. 
The question thus arises whether it would not be better for the stock farmer in the arid regions to 
use his limited supply of water to irrigate spineless cactus rather than to irrigate a small area of 
lucerne, insufficiently, with small amounts of water. It has been found that spineless cactus 
reacts exceptionally well to single irrigations during the summer months. The plants not only 
grow faster but the yield of succulent, fodder material is also considerably increased under 
limited irrigations. 
Table 3.2. Increase in the production of green material of different spineless cactus cultivars 
over season 
Season Yield spineless material in tonnes/ha 
  Fusicaulis cultivar Robusta cultivar Monterey cultivar Chicho cultivar 
1     a    a     a    a 
2   9.45   3.15   5.26    a 
3 17.55 11.40 14.43    a 
4 12.50 17.70 15.41   8.64 
5 26.15 23.67 23.37 11.89 
a Plants too young 
The yields in Table 3.3 were obtained from spineless cactus in rows. 2.7 m apart with a spacing 
of 1.2 m between the plants in the rows. The irrigation was applied to the rows by means of 
furrows. The material was harvested when the plants were three years old. 
Table 3.3. The yield of spineless cactus under irrigation (1965/66 to 1967/68), 1820 plants per 
hectare 
      Production per hectare 
Irrigation and rainfall per year Number of 
irrigations 
Time of irrigations GM/tonne DM/tonne 
No irrigation         
178 mm rain 0 - 24.89 3.27 
75 mm + 178 mm rain 1 Sept 38.61 4.21 
152 mm + 178 mm rain 2 Sept 66.49 6.11 
    Nov     
229 mm + 178 mm rain 3 Sept 97.60 9.09 
    Nov, Jan     
305 mm + 178 mm rain 4 Sept. 106.68 10.51 
    Nov, Jan     
    March     
It appears that even one irrigation at the beginning of the growing season (September) 
increases, the yield noticeably, while two irrigations (September and November) more than 
doubled the yield of GM, and the DM produced was also almost doubled. Taking all factors into 
consideration it appears that two or three irrigations give the most efficient use of the irrigation 
water. 
This data was obtained in an area with an average rainfall of only 178 mm per year. On rainfall 
alone a yield of nearly 25 tonnes of green material was obtained. Although spineless cacti are 
hardy it is thus obvious that they also require sufficient water for optimum production under 
normal veld conditions with a rainfall of from 250 to 300 mm per year; they can thus produce 
good yields of green succulent fodder without additional irrigation. 
3.7. The feeding value of spineless cactus 
A fresh spineless cactus pad contains approximately 90 percent moisture. The composition of 
the 10% DM is as follows: 
Crude protein                                                         4% 
Total digestible nutrients (TDN)                           65% 
Calcium                                                                  1.4% 
Phosphorus                                                            0.2% 
Sodium                                                                   0.1% 
A 35 kg sheep requires approximately 350 of total digestible nutrients to supply its energy needs 
for maintenance. Such a sheep would thus have to ingest 538 g of dry spineless cactus pads to 
obtain sufficient energy. This means that 5 to 6 kg of fresh spineless cactus must be ingested. 
However, a sheep only eats on an average 4 kg of fresh cactus leaves per day. 
One reason why a sheep cannot ingest sufficient spineless cactus pads to supply its needs, is 
the high moisture content of the pads. It has been found that sheep fed on fresh, chaffed, 
spineless cactus pads hardly drink any water. Actually they take in more water from the cactus 
leaves than a sheep on a dry ration would normally drink. The high moisture content is thus the 
factor limiting the amount of cactus they can eat. 
Although the high moisture content of the succulent spineless cactus pad has disadvantages, 
spineless cacti can be of inestimable value during dry periods when drinking water becomes 
scarce. The succulent pads can then serve as a source of drinking water for stock. Experiments 
have shown that sheep kept in pens can do without water for more than 500 days if they have 
daily access to sufficient quantities of spineless cactus. 
It is also important to take the fact that spineless cacti are exceptionally low in crude protein into 
consideration. It is accepted that a ration for non-producing sheep should contain at least 7% 
crude protein. Spineless cacti only contain an average 4% crude protein. Rations with a low 
crude protein content are not usually ravished by sheep. A sheep with a mass of 35 kg requires 
approximately 50 g of crude protein per day. The 500 g of average dried spineless cactus which 
a sheep eats in a day only contains 20 g of crude protein. It is thus clear that spineless cacti 
must be supplemented with one or other form of protein. Other noticeable deficiencies of 
spineless cactus are the exceptionally low phosphorus and sodium contents. 
It is thus clear that spineless cacti cannot be regarded as a balanced fodder crop. It should be 
regarded chiefly as a good, cheap, source of energy and be utilised as such. 
3.8. Utilization of spineless cactus as stock feed 
The method of utilization of spineless cactus will differ from farm to farm according to 
circumstances such as available labour, facilities, quantity of spineless cactus, etc. 
It is best to utilize spineless cactus in rotation so that a plantation is utilized every three to five 
years. In this way a plantation can be chopped or grazed each time to the height of one pad 
higher than the original planting. When spineless cacti are utilized in this manner, the plants 
recover well, the material available for use is of good quality and the plants are kept within a 
usable size. 
3.8.1. Grazing 
The easiest way to utilize spineless cactus is by grazing. It requires very little labour and is thus 
also the cheapest method. Overgrazing of the plantation must, however, be guarded against. 
Young plants are especially susceptible to overgrazing and can be killed by sheep. Even older 
plants can be so badly damaged that the subsequent production will be considerably lower. The 
best method of grazing is to divide the plantation into small paddocks and to graze each of 
these intensively for a short period. Large losses may occur during grazing due to wastage, if 
great care and discipline is not exerted. Plants must also not be grazed during the first growing 
season. 
3.8.2. Chaffing 
A large intake, and thus better utilization, can be obtained by chaffing the pads. The ideal size of 
cubes is approximately 30 mm × 31) mm. It is in fact sufficient if the pads are chaffed in strips 
approximately 20 to 30 mm wide. In this form the material dries fairly quickly and wastage is 
reduced to a minimum. The method which requires the least time and labour is to chaff pads 
with a mobile chaff-cutter which is transported between the rows in the plantation, and spreads 
the chaffed material in strips between the rows where the sheep pick it up. To limit wastage to a 
minimum it is preferable to feed the chaffed material in troughs. 
3.8.3. Meal 
As already mentioned the high moisture content of spineless cactus has a limiting effect on the 
voluntary intake and thus on the utilization of this crop. Chaffed spineless cactus pads can be 
dried on any suitable surface and then ground in a hammer-mill through a 6 mm sieve. In the 
form of meal, the spineless cactus material is not only ingested better, but is also easier to 
store. A supply of spineless cactus meal can thus be stored for use during droughts. 
3.8.4. Silage 
Good quality silage can be made from spineless cactus by chaffing the pad together with oat 
straw, low grade lucerne hay or any roughage on the basis of 84 parts mass by spineless 
cactus and 16 parts by mass of roughage with the addition of two per cent molasses meal. 
When pads with fruit are used for silage, the addition of molasses is not necessary. The silage 
is then made and utilized in the conventional manner. 
3.8.5. Supplementary feeding 
In an emergency where nothing else is available, spineless cactus can be fed alone in any form 
and sheep can actually survive on it for months. For optimal utilization, however, this should be 
supplemented. As protein is the most important deficiency of spineless cactus, a protein-rich 
supplement should be supplied. A like comprising one third bonemeal, one third salt and one 
third buiret can be used with spineless cactus meal. A ration consisting of spineless cactus meal 
and 6.5 per cent fishmeal will supply all the needs of sheep. 
The most suitable supplement for spineless cactus meal, however, appears to be lucerne meal 
or lucerne hay. 100g of lucerne in summer and 200 g in winter per sheep with spineless cactus 
meal ad lib is recommended. Any other legume hay with a reasonably high protein content can 
be used instead of lucerne. Spineless cactus pads can also be used as supplementary feed on 
dry Karoo veld. Provided reasonable quantities of dry veld fodder are still available with the 
spineless cactus leaves, no additional fodder need be given. 
3.8.6. Laxative action 
A problem experienced when spineless cactus pads are fed to sheep in any form is their severe 
laxative action. This laxative effect is, however, not a disease symptom and has, as far as is 
known, no direct detrimental effect on the animal. It does however have the disadvantage that 
the food passes through the animal's digestive system faster with the result that digestion is 
poorer. It appears that hay, as a supplement, retards this laxative effect to a certain extent. This 
is another reason why lucerne hay is regarded as an exceptionally suitable supplement to 
spineless cactus pads in any form. 
3.9. The production of spineless cactus fruit 
The green-leafed spineless cactus can also be established for fruit production. The control of 
insect pests is, however, essential for fruit production. 
There is a good local market for spineless cactus fruit in some areas and this can be a source of 
income in the arid and semi-arid regions of the Republic. 
3.10. Control of insect pests of spineless cactus 
There are at present two insects, namely (a) the larvae of the prickly pear moth Cactoblastis 
cactorum and (b) cochenille Dactylopius (spp) which cause considerable damage in spineless 
cactus plantations. The mechanical control of C. cactorum, namely the removal of the eggs and 
pupae and the burning of infected leaves, especially in large plantations, is not very practical or 
efficient. These insects can actually be efficiently controlled by two insecticides. For the efficient 
use of these insecticides and the control of these insects knowledge of their life cycles is 
necessary. 
Prickly pear moth (Cactoblastis cactorum). The adult insect is an inconspicuous grey moth with 
a wingspan of about 35 mm. A characteristic feature of the insect is the way the eggs are laid. 
These are stuck together in a long chain called an "eggstick". The eggsticks resemble yellowish, 
curved thorns without a sharp point. The eggstick is attached either to a thorn, or directly to the 
exterior of the pad and can easily be seen when the plants are inspected. 
As the larva develops in the eggs the eggsticks become darker and later become black just 
before the larvae hatch. The number of eggs laid varies but each eggstick contains on an 
average from 60 to 100 eggs. The eggs are slow to hatch and incubation takes about three 
weeks under favourable conditions During colder weather the incubation period can be 
considerably longer. Temperature is thus the most important factor. 
On hatching, the larvae congregate at the base of a thorn and feed there for about three weeks. 
After this they bore into the pad and feed on the succulent pulp. The larvae are of a bright 
orange colour with dark bands or rows of bluish-black dots across the body. Their activities 
cause the pads to decay and a whole plant can collapse within about two months. 
The larvae feed for about two months in summer and about fifteen weeks during winter. When 
fully grown they spin cocoons under old decayed pads and debris that may be found in and 
under the plants. The duration of the pupae stage is about twenty-four days in summer and 
about eight to nine weeks in winter. There are only two generations per year. The one 
generation lays eggs during autumn (usually the first two weeks in March) and the other 
generation in spring (usually the first two weeks in November). 
Cochenille (Dactylopius spp) 
As with the case of the cactoblastis this insect was improved to control the wild prickly pear 
which had made valuable grazing useless in certain areas. It unfortunately later attacked certain 
spineless cactus cultivars. Cochenille is related to the scale insects but has a thick protective 
layer of wax instead of the scale insects, armour. When conditions are favourable these insects 
multiply very quickly and millions of small insects known as creepers, can be spread by wind 
from plant to plant. As soon as a host plant is found, the insect pushes its mouth parts into the 
plant cells and sucks the sap. Apart from the sucking of the sap, the saliva of the insect also has 
a toxic effect on the plant. Soon after they start feeding, the females form a layer of wax around 
their bodies which impedes the penetration of insecticides. 
The so-called blue-leafed spineless cacti are not attacked by the cochineal, or only to a lesser 
extent. However it can happen that these cultivars become infested with cochineal, especially 
when the pads are very young or when the growth has been retarded by drought or other 
causes. Secondary rotting sometimes occurs in pads which have been damaged by cochineal. 
Control measures 
Apart from the use of insecticides to control these two pests, the following practical measures 
can be applied: 
a) The spineless cactus should be planted in well-spaced rows with sufficient space between 
the rows to allow the passage of a vehicle later on. This will simplify harvesting and removal of 
decaying pads and debris. 
b) The pads for fodder should be regularly harvested every three to four years depending on the 
amount of growth. This will prevent the plants becoming too dense. Excessive growth provides 
ideal shelter for the pupae. 
c) Harvesting of pads and the removal of old decaying pads from in and under the plants can be 
done simultaneously. All these old rotten pads should be burned. 
d) More spineless cactus than required for the farming unit should not be planted. 
Spraying 
Two insecticides are registered for use in spineless cactus against both cochinea and 
cactoblastis. They are (a) larbary 85% wettable powder available commercially under the names 
Dicarbam, Sevin, Carbaspray and Capex 7, and (b) Methidathion 40% known commercially as 
Ultracide. Both insecticides must be applied as a coarse spray. A knapsack sprayer fitted with a 
no. D5 nozzle is suitable for this purpose. 
Method 
Spray the whole plant to the point of runoff. Excessive runoff must be prevented to avoid 
wastage of the spray. All cactoblastis eggsticks and all cochineal must be wetted. It is essential 
to use a coarse spray to penetrate the wax layer of the cochineal. It is important to spray at the 
correct time so that spraying of the cactoblastis eggsticks is assured. The best times are usually 
during the first two weeks of March and November. Carbaryl 85% wettable powder is used at 
the rate of 32 g dissolved in 18 litres of water. Methidathion 40% wettable powder is applied at 
the rate of 9 g dissolved in 18 litres of water. 
Safety precautions 
All insecticides are dangerous to warm-blooded animals. Special care must therefore be taken 
when mixing and spraying these insecticides, especially in the case of Methidathion. Protective 
clothing such as a suitable respirator, overalls, gumboots and rubber gloves should be worn 
when handling and applying these insecticides. Provided the insecticides are applied at the 
recommended dosages and in the recommended manner the safety period is only one day. The 
plants can thus be harvested and fed to stock the day after spraying. The label on the container 
must be carefully studied and the instructions on the label strictly adhered to. 
4. Drought resistant shrubs 
4.1. Introduction 
Drought resistant shrubs do well in areas where the rainfall is low and variable, where the 
cultivation of fodder crops such as Lucerne and annual crops is uncertain. Due to their well 
developed root system, low transpiration and physiological adaptation (such as high mineral 
content) these plants can make efficient use of water. The two best known drought resistant 
shrubs are old man saltbush (Atriplex nummularia) and Australian blue bush (Kochia brevifolia). 
Australian creeping saltbush can also be used for grazing. 
4.2. Description of these crops 
4.2.1. Oldman saltbush (Atriplex nummularia) 
Oldman saltbush is a perennial shrub, indigenous to Australia, and has been found in South 
Africa for the past hundred years. It can grow to a height of 3 m and can also form bushes with 
a diameter of 3 m. It possesses a well-developed taproot system together with horizontal basal 
root development. The root system is suberous. The leaves are a bluish-grey colour, covered 
with a white layer and small salt cells. The leaves are more or less round but broader than they 
are long. The male and female flowers are normally borne on separate plants, but may 
exceptionally be borne on the same plant. The small round yellowish-brown male flowers are 
borne in clusters of from 75 to 100 mm long on the tips of the branches. The female flowers are 
the same colour as the leaves and are borne in dense clusters, the weight of which bends the 
branches over towards the ground. The plant is wind-pollinated. The seed consists of two 
leathery or papery scale leaves which have grown together around the small round reddish-
brown seed. These scale leaves contain a high sodium chloride concentration which serves as 
a germination inhibitor. The sodium chloride first has to be leached out before the seed will 
germinate. This is a mechanism which prevents seed from germinating after a light rain and only 
allows germination when there is sufficient moisture for the plant to become established. 
Oldman saltbush is a halophyte, or salt-loving plant. Due to the high concentration of salt in the 
roots and leaves the plant maintains a high osmotic value in the cellsap which is a physiological 
adaptation of the plant to moisture stress, thus making it drought-resistant. The plant also 
possess a C4 carbon metabolism which means that photosynthesis is very effective especially 
at high temperatures and high light intensity.  
4.2.2. Australian creeping saltbush (Atriplex semibaccata) 
Australian creeping saltbush is a procumbent shrub seldom growing higher than 300 mm but 
spreading horizontally to 1200 mm. The upper surfaces of the leaves are green, and the 
undersides white. They are sometimes serrated and up to 25 mm long. The male flowers are 
borne in clusters at the base of the upper leaves. The female flowers are borne singly at the 
base of the lower leaves. The fruits are diamond-shaped and vary in colour from red to orange 
and are approximately six mm long. 
4.2.3. Australian bluebush (Kochia brevifolia) 
Australian bluebush is a perennial shrub with branched stems and grows to a height of 1.5 m. 
The plants are dark green in colour. The leaves are soft, succulent, virtually without veins, 
cylindrical in shape, approximately 2.5 mm in diameter and 12 mm long. The round, veined 
seeds from 6 to 12 mm in diameter are borne on the tips of the stems in the leaf axils. The 
actual seed is encircled by a thin light-brown wing. These shrubs flower from August to May. 
The seeds germinate at temperatures of from 10°C and will germinate as soon as sufficient rain 
has fallen. The plant immediately develops a strong taproot system as well as horizontal fibrous 
feeding roots which are discarded when the soil dries out. 
3. Climatic requirements 
These crops have the advantage that they are well adapted to a large variety of climatic 
conditions. Oldman saltbush and Australian creeping saltbush are entirely resistant to cold and 
frost. Although the top growth of Australian blue bush is killed by severe frost, this dry material 
can be utilised by stock and the plant quickly shoots when warmer conditions are experienced. 
Australian bluebush, however, is not recommended for the higher, cold areas. 
4. Soil requirements 
The drought-resistant shrubs possess a wide adaptation regarding soil and even grow on bare, 
alkaline patches. Australian bluebush prefers soils rich in lime for normal growth and production. 
On brackish soils preference must be given to oldman saltbush and Australian creeping 
saltbush. These two crops will also grow on heavy clay soils even if they are poorly drained. 
Acid and leached sandy soils usually contain too little sodium and potassium salts for good 
production from these halophytes. The germination of Australian bluebush is poor on alkaline or 
alkaline brackish soils. . 
5. Irrigation 
Irrigation now and again can be of advantage in areas with an average annual rainfall of 180 
mm or less. Water of poor quality for irrigation can be used to advantage for these crops. 
Irrigation, especially during the first year or two after establishment, causes the plants to 
develop faster with the result that they are ready for grazing sooner. For this reason and to 
make planting easier, it is desirable to plant these crops in paddocks near windmills or dams in 
the veld, where possible. This will also simplify the utilisation of the efficient use of water by 
these plants. 
6. Yield 
Apart from the drought resistance, a noteworthy characteristic of these plants is their high 
production of green, succulent feed under relatively poor moisture conditions. An indication of 
the amount of edible material per hectare produced by oldman saltbush is given in Table 6.1. 
Table 6.1. The yield of leaves of oldman saltbush 
Year Dry mass tonnes/ha Green mass 
tonnes/ha 
1 2.05   7.78 
2 2.59 10.37 
3 4.75 18.14 
4 4.00 12.53 
5 1.94   5.40 
6 2.16   8.00 
Mean 2.91 10.37 
The results in Table 6.1 also illustrate the ability of oldman saltbush to recover after defoliation 
each year. This is one of the reasons which make this crop exceptionally suitable as a grazing 
crop. The grazing value of oldman saltbush is further illustrated by the figures in Table 6.2. 
Table 6.2. The carrying capacity of various fodder crops for 4 months of the year. 
Crop Carrying capacity calculated at number of sheep per ha for 4 months of the year. 
  Season I Season I Season III Season IV Mean for 4 
months 
Daily increase per 
sheep day – grams 
Oldman 
saltbush 
19.59 25.55 21.80 20.01 21.74   13.61 
Winter cereals 16.47 13.04 14.02 15.42 14.74 181.44 
Summer crops 20.75 17.87 25.65 21.52 21.45 99.79 
(Sorghums) 
(Sudan grass) 
See under "Grazing" for the yields of the other shrubs. 
7. The establishment of oldman saltbush 
The establishment of oldman saltbush requires a fair amount of attention. It is advisable to soak 
the seed in water for 2 to 3 days prior to sowing to get rid of the excess salt in the seed coat. 
Change the water 2 to 3 times daily. If running water is available (e.g. windmill), very good 
results are obtained. The seed should be sown immediately after this treatment. It is advisable 
to sow the seed in seedbeds, tins, plastic bags or trays and to transplant the seedlings at a later 
stage. 
The optimum temperature for germination is from 15°C to 20°C. The seed is sown in August or 
September and covered lightly with soil (approximately 5 mm). The soil must be kept moist by 
regular watering. The advantage of sowing seed in tins or plastic bags, is that the seedlings may 
then be transported in containers. The roots of the seed are thus less subject to damage during 
the lifting of the plants, and drying out of the roots is kept at a minimum. 
As soon as the seedlings are 150 to 200 mm high they should be transplanted. This usually 
takes place during late summer and autumn (February to March). Most rains occur during this 
time of the year and the plants are thus able to establish themselves better. If the rainfall is 
sufficient, or where irrigation is possible, the plants can be transplanted at a younger stage. 
The soil should be well ploughed in advance. If this is not possible, furrows may be drawn or 
even holes dug. When it is not desired to disturb the soil, furrows can be drawn with a ripper. 
The furrows are made 2 m apart and the plants are planted 1 to 2 m apart in the furrows. The 
plants are cut back prior to planting to about 150 to 200 mm. Depending on the spacing, 
between 2500 and 5000 plants are required per hectare. With a good germination, about 500 g 
of seed, should yield approxi the roots must be well covered with soil and the soil pressed down 
well around the plants. The furrows should be irrigated before and immediately after 
transplanting. An irrigation 3 to 4 weeks after planting followed by one irrigation during winter, 
will encourage the plants to establish paddocks near windmills or other water sources in the 
veld. A few further irrigations during the first summer will encourage the plants to develop 
quicker. Good establishment can also be obtained by the application of one litre of water per 
plant at the time of transplanting followed by 2 litres ten days later and a further 2 litres 20 days 
later. 
Modified tobacco planters have been used to plant saltbush plants, which apply the water 
directly to the plants. Otherwise the water is transported in tankers. If the plants are well 
established, seed may be harvested during the second season for further plantings. Saltbush 
should not be grazed during the first year. Oldman saltbush seed which is properly dry and is 
stored under dry conditions in a tin or plastic bag will retain its viability for approximately three 
years after which the germination gradually decreases. 
Oldman saltbush can also be multiplied by means of cuttings. Cut lengths of young stems which 
are not thinner than 6 mm and approximately 250 mm long, between two leaf axils. Leave a leaf 
or twig on the top and lay about half the stem in sandy soil during early spring or autumn. Keep 
the cuttings moist. The cuttings usually root within six weeks and are ready for planting ten 
weeks after cutting. 
8. Establishment of Australian bluebush 
The optimum germination temperature for Australian bluebush seed is 15° to 20°C. Seed should 
thus be sown from August to May in seed boxes, plastic planting bags, tins or a sheltered 
seedbed. For germination a sandy loam soil is preferred. Avoid brackish soils. Sow the seed 
shallow, i.e. 3-5 mm deep, and keep the soil moist until the seeds have germinated (usually 7 to 
14 days depending on the temperature). The seedling, when first seen after germination, has 
two thin almost grass-like leaves and the real woolly leaves develop subsequently. 
The plants are ready for transplanting when they are about 100 to 150 mm high. When older 
plants are transplanted, about a third of their growth should be cut back. The transplanting of 
older plants is difficult as the top roots of the seedlings develop very quickly. When plants are 
transplanted, it is essential that they should be well watered on transplantation followed by one 
or two irrigations 7 to 14 days later. The plants are spaced one metre apart in the rows and the 
rows are spaced 1.5 to 2 m apart. Grazing should not take place until the plants are one year 
old or have grown for one season. 
Australian bluebush usually flowers from August to May and the seed is borne in a wind-
pollinated flower. The seed is very light and is spread by the wind. Seed production is high and 
the plants often commence to produce seed from 6 weeks under favourable conditions. After 
the plant has been grazed, it may take up to 3 months before seed is again produced. The seed 
is easily harvested by shaking it off the bush. Seed harvested in this manner has a germination 
rate of 60 to 80 per cent. Seed falls from the bush when it is ripe. By controlling weeds between 
the plants thus keeping the soil in a loose condition, a natural seed bed is created and large 
numbers of seedlings may develop which can be transplanted later. 
The seed is ripe when the kernel of the flower is dark brown to almost black. Seed which is 
collected under the bushes is usually not so viable as those harvested, as this seed is easily 
damaged by moisture. When the bush is shaken, leaves, ripe and unripe seed, can be 
gathered. These must then be well dried in the sun as soon as possible. The viability of seed is 
easily affected by moist conditions. Consequently seed should not be kept in knotted plastic 
bags, but preferably in tightly-screwed fruit jars or other dry containers. 
9. The establishment of Australian creeping saltbush 
The optimum germination temperature for Australian creeping saltbush is 15° to 20°C. Seed 
should thus be sown from August to April. Seed of Australian creeping saltbush is usually sown 
directly at a rate of from 3 to 6 kg per ha. Normal seedbed preparation is followed where old 
lands are seeded. Where this crop is sown for the reclamation of bare patches it is sown in 
plough furrows or roughly worked soil. The seed is usually sown 5 to 10 mm deep. 
The seed germinates easily and should preferably be sown at the beginning of the rainy season. 
Seed production is high and is easily harvested by shaking the seed off the plants. The seed is 
ripe when it changes from orange or red to a shade of brown. Harvested seed must be dried as 
soon as possible. Dry seed can be stored for up to three years under dry conditions without a 
loss of viability. 
10. Feed value 
The mean composition of oldman saltbush, Australian bluebush and Australian creeping 
saltbush is given in Table 10.1 
Table 10.1. The mean composition of oldman saltbush, Australian bluebush and Australian 
creeping saltbush on a dry basis. 
Nutrient Oldman saltbush % 
Australian bluebush % Australian creeping saltbush % 
Dry material 25.29 33.40 31.8 
Moisture 74.71 66.60 68.2 
Protein 22.93 15.72 13.3 
Fat   3.05   2.67   2.1 
Minerals 19.77 19.45 28.7 
Carbohydrates 40.58 38.63 40.8 
Fibre 13.77 23.53 15.1 
Although it appears from an analysis of these crops that they do not supply a balanced ration in 
all respects, grazing experiments have shown that they supply the maintenance requirements of 
sheep. Even a slight increase in mass has been observed, although the purpose is not to fatten 
stock but only to prevent losses during dry periods. Grazing experiments with saltbush have 
also shown that these crops can maintain ewes during late pregnancy, and thereafter the ewes 
and lambs until the lambs are 42 days old. Withers were kept on bluebush for 180 days and 
during this period they showed a slight increase in body mass while the wool production was 
normal. 
  
11. Grazing 
Oldman saltbush can be grazed from the second season so that the plants can develop a bushy 
growth habit. Plants which are not grazed are inclined to develop beyond the reach of sheep so 
that only the older material can be reached by the stock. If the plants develop beyond the reach 
of sheep they should be cutback to a height of about 1.5 metres. When saltbush is grazed, 
sufficient drinking water must be supplied as the sheep become thirsty from the salt in the 
plants. The drinking water should contain as few brackish salts as possible as brackish water 
inhibits the intake of saltbush. 
Australian bluebush can be grazed when it is one year old or after it has been established for 
one growing season. Australian bluebush should preferably be grazed off quickly and it is thus 
best to concentrate a large number of animals on a small area for a relatively short period. With 
this method provision for the recovery of grazed paddocks can be made by means of a planned 
rotational grazing system. Australian bluebush must be regarded exclusively as a fodder crop to 
bridge periods of grazing shortages and cannot be recommended for planting in the veld with 
the aim of improving the natural grazing in the Karoo. It can however be recommended for the 
improvement of fine bushveld in certain winter rainfall areas. It can also be established in 
paddocks, to relieve grazing pressure on the natural velds just after rains or during dry periods. 
The stock can thus be removed from the veld to encourage recovery of the grazing. 
These crops cannot be regarded as very palatable, and stock often have to learn to eat them. 
This may take three or four days. However it has been found that stock which have learned to 
eat them, make good use of this grazing even, if returned to it after a period of absence. The 
palatability is also influenced by the type of soil on which these plants are grown. These plants 
are less palatable if grown on very brackish soils and the amount of brackish salts in the 
drinking water also influences the intake by the grazing animals. 
These crops should be established in pure stands and should not be mixed in the same 
paddocks. This simplifies the management of these grazing as the recovery rate of the different 
crops differs. They can be grazed at any time of the year. It is, however, essential to allow 
sufficient time between grazing for the plants to recover. It is thus advisable to divide the 
plantations into paddocks of from one to two hectares in size for efficient utilisation and to 
ensure sufficient rest for the plants to recover. Temporary electric fencing is very suitable for this 
purpose. A practical method is to graze each paddock with a large number of animals for the 
shortest possible time. 
The carrying capacity of oldman saltbush is given in Table 6.2. The average sheep grazing days 
for the different drought resistant shrubs is given in Table 11.1. 
Table 11.1. The average number of sheep grazing days per ha provided by drought resistant 
fodder crops at the Grootfontein College of Agriculture. 
Shrub Average number of sheep grazing 
days per ha/year 
Oldman saltbush 2 800 
Australian bluebush 1 970 
Australian creeping 864 
saltbush 
12. Shrubs and spineless cactus in mixed stands 
These carrying capacity figures are the average obtained over 5 years at the Grootfontein 
College of Agriculture. This shows that these plants can be grazed every year after the second 
year from establishment without any noticeable influence on the vigour and recovery of the 
plants. 
Where drought-resistant shrubs and spineless cactus were established in the same plantation 
for grazing, it was found in general that due to the higher palatability of the spineless cactus, the 
sheep showed a tendency to overgraze the spineless cactus before the shrubs were made full 
use of. This method of establishing plantations is thus, in general, not recommended. In 
exceptional cases it has however been found that sheep have utilised both crops efficiently. 
Practical experience on each particular farm will thus indicate whether this is possible. However, 
if there is any doubt, these crops should preferably be planted in separate paddocks. Where the 
shrubs and spineless cactus are established in adjoining paddocks, a rotational system of 
grazing between the paddocks can be practised with good results. 
Chaffed spineless cactus can be supplied to the sheep in the drought-resistant shrub paddocks. 
It is not usually necessary to supply the chaffed cactus more than once a week, as the sheep 
make good use of the cactus even in a dried form. 
13. Reclamation of bare patches 
Drought-resistant shrubs are particularly suitable for the reclamation of bare patches in the veld. 
These areas should be fenced off if these shrubs are to be used for their improvement. Furrows 
are drawn, usually with a ripper, from two to ten metres apart. It is essential that the plants are 
watered directly after planting and possibly two weeks later to ensure a good rate of 
establishment. It is advisable to establish these plants during the autumn, during which period 
the possibility of rain is usually better in the arid areas. 
The use of seedlings established in plastic planting packets or other suitable containers is 
recommended for this purpose, as the shock to the plants during transplanting is less. 
Australian creeping saltbush is usually sown directly after the soil surface has been ripped. 
Seed can also be sown in the furrows, but this is not as successful as when seedlings are 
planted, especially when the rainfall is insufficient. The most arid zones of the farm can thus be 
converted into living fodder banks which will not only relieve the grazing pressure in times of 
drought, but also help to improve .the natural grazing. 
14. American aloe 
14.1. Introduction 
American aloe (Agave americana) is one of the hardiest plants which can be established for the 
production of fodder in the arid and semi-arid regions. It can be of value in the control of erosion 
when established on the periphery or on eroded patches. This crop uses exceptionally little 
water for the production of dry material. (See Table 1.1) 
14.2. Description of the crop 
The American aloe (Agave americana) is related to the sisal plant, but its fibre has no 
commercial value. The plant requires 93 kg of water to produce one kg of dry material. The 
American aloe leaf is covered by a waxy layer and a very thick epidermis. The stomata are 
deeply sunken in the leaf. The stomata close when exposed to strong light and this is one of the 
reasons for the drought-resistance of this plant. 
The American aloe has a taproot system as well as a horizontal shallow root-system from which 
suckers develop. The plant grows slowly and an inflorescence develops from the centre of the 
plant after from six to ten years, and takes approximately a year to mature. As soon as the 
flowers mature, the original plant dies. The seed germinates easily and a number of young 
seedlings develop around the original plant. 
14.3. Establishment of American aloes 
Two year old suckers or seedlings are used to establish this plant. The plants are planted in 
furrows 3 to 5 metres apart and 1 to 2 metres apart in the furrows. American aloe is often 
planted on the periphery or alongside fences. 
14.4. Feeding value and utilisation 
The average composition of American aloe leaves is given in Table 14.1. 
Table 14.1. The average composition of American aloe leaves on a dry basis. 
Nutrient % Composition 
Dry material 11.56 
Moisture 88.44 
Protein   5.50 
Fat   1.61 
Minerals   8.65 
Carbohydrates 72.25 
Fibre 11.99 
American aloe leaves alone are not sufficient for a maintenance ration. Although American aloe 
is palatable and can form a portion of the daily ration, it must be supplemented by sufficient 
Lucerne hay, meal, etc. to prevent paralysis, which can be experienced if American aloe leaves 
alone are fed continuously. It has however been shown that American aloe leaves can, to a 
large extent, take the place of silage, mangels etc, as the succulent portion of the ration. 
For fodder the leaves are chopped against the stem so that as much as possible of the thick 
fleshy portion is used, as this is the most palatable part. The fibrous points and edges of the 
leaves are removed and the leaves are chaffed in pieces not larger than 50 × 100 mm. A hand 
chaff-cutter or chopping knives are suitable for this purpose. Leaves are usually harvested from 
4 - to 6 -year old plants. A yield of from 120 tons of leaves per hectare can be expected annually 
from America alone and that on relatively poor soils. 
14.5. Use as a reclamation crop 
When planted on the contour the American aloe can fulfill an important function in the control of 
soil erosion; it allows water to pass through while much of the soil and debris is kept back with 
the result that a contour wall is built up in time. The biggest disadvantage is that it provides 
shelter for vermin such as rock rabbits, polecats and wildcats. The flower stalks can also be 
used for fencing. 
  
VII. Intensive production 
Leucaena as a forage crop on small farms in Malawi* 
R. Savory, J.A. Breen, and C.I.A. Beale 
FAO Livestock Project MLW/75/002, Lilongwe 
Introduction 
Leucaena leucocephala (Lam) de Wit is a perennial legume with high potential as stock feed in 
the tropics and sub-tropics (Dikjman, 1950, Hill, 1971, NAS, 1977). Leucaena has been used for 
browse purposes (Gantt 1953, Humphreys 1962), and forage cropping (Takahashi and 
Ripperton, 1949, Ferraris, 1979). 
In a pasture introduction and screening programme in Malawi, cv. Peru showed high biological 
potential at a number of dry land sites but proved unsuitable for the wet "dambo" soils (Savory, 
1972). Subsequent establishment and management studies and variety trials were conducted at 
two contrasting sites, namely Mpemba in the Shire Highlands, and Zunde in the Lower Shire 
Valley (Tables 1 and 2). At neither site was Leucaena nodulated by the native Rhizobium; at 
Mpemba the roots were heavily infected by vesicular arbuscular endomycorrhiza (VAE). 
Table 1. Site and soil characteristics for Mpemba and Zunde. 
  Mpemba Shire 
Highlands 
Zunde Lower Shire Valley 
Latitude 15 54'S 16 33'S 
Altitude (m asl) 880 180 
Soil classification Latosol Vertisol 
Profile depth (m) 1.0-2.0 2.0 
Topsoil characteristics (0-15 cm)     
pH (1:2.5 H2O)   5.7   7.6 
Silt (%) 13   7 
Clay (%) 25 69 
C%   2.5   0.8 
N%   0.16   0.09 
Av.P (ppm)   4   3 
Exch Na (me%)   0.35   0.65 
         K (me%)   0.35   1.16 
        Mg (me%)   2.00 26.08 
        Ca (me%)   7.00 54.04 
        H (me%)   4.00   0.00 
        CEC (me%) 13.70 81.93 
Table 2. Climatic data recorded during experimental period. 
  Mpemba Zundea 
Rainfall (X, mm/an) 1126 869 
(% falling Nov.-April)     95   92 
Temperature 
October (X max C)     28.2   37.1 
            (X max C)     16.8   23.0 
July      (X max C)     20.6   27.5 
            (X max C)     10.5   14.3 
a Open pan evaporation c 2300 mm/an. 
Leucaena is now produced on small holdings in villages surrounding the experimental sites. The 
foliage is used as fresh forage or is sun-air dried and either fed as a winter supplement or else 
sold as a cash crop. This paper describes production, processing and utilisation techniques and 
discusses the problems that have been encountered on smallholdings. 
Seed production storage and scarification 
Seed orchards are established either by direct sowing or by transplanting potted seedlings. The 
plants are spaced at 1.5 m x 1.5 m. At Mpemba, nitrogen and phosphorus are applied annually 
at 40 and 20 kg/ha respectively. The first pods to ripen are plucked by hand but later in the 
season the branches are cut back to a 50 cm stubble and windrowed. Yields of 1000-1500 kg 
clean seed/ha/ are obtained. Seed is stored in Hessian sacks and is not susceptible to attack by 
normal grain storage pests. 
Scarification by the hot water method (Gray, 1962) is effected using a half-200 litre petrol drum 
over a wood fire. Successive batches of c 10 kg seed are placed in a Hessian sack, immersed 
in the hot water (80°C) for two minutes, drained and then spread out to dry. The temperature 
and the immersion period are not critical, and a competent team of men can easily scarify more 
than one tonne of seed per day. 
Establishment 
Immediately before sowing, the scarified seed is inoculated with a mixture of Rhizobium strains 
CB81 and NGR8, using a 10 percent sucrose solution as an adhesive. On occasion, when 
commercial inocula are unavailable, the seed is inoculated with soil from beneath 
other Leucaena plants which are known to be nodulating effectively. 
Experimental results indicate that the optimum population density is c 200,000 plants/ha at 
Mpemba and c 100,000 plants/ha at Zunde. To achieve this population at Mpemba, a seed rate 
of c 18 kg/ha is required. At Zunde, where establishment is difficult due to erratic rainfall and 
high temperatures, a seed rate of c 25 kg/ha is used, and it may be necessary to supply parts of 
the field or to resow the whole area. 
Most arable crops in Malawi are grown in rows 90 cm apart and this spacing has now been 
adopted for Leucaena. Although there is less weed competition at a 60 cm row spacing, dry 
matter yields are not significantly affected. Furthermore, manual operations become more 
difficult at the narrower spacing. 
Leucaena is established either by direct sowing into a well prepared seedbed, or by under 
sowing to a crop of maize. In the latter method, which is recommended in the Shire Highlands, 
the Leucaenaseed is sown between maize stations on 90 cm ridges, either at the same time as 
the maize, at the start of the wet season, or else at the first weeding in January. The seed is 
sown at 2 cm depth along the top of the ridge, using a calibrated container such as a fertilizer 
cup or bottle top to provide the correct seed rate. 
The importance of weed control in the early stages of establishment has been mentioned 
repeatedly in the literature (Takahashi and Ripperton, 1949; Anslow, 1957; Hill, 1970). The slow 
initial growth rate of Leucaena makes the seedlings particularly susceptible to weed competition 
and it is necessary to inter-row cultivate up to four times during the first wet season. In 
subsequent years weeds become less of a problem, provided an even, high-density crop 
population has been established. 
Leucaena is susceptible to termite attack during the establishment year, especially during the 
seedling stage. Control is effected by spraying the crown of damaged and adjacent plants with 
1% dieldrin. 
Goats are very partial to Leucaena foliage, specially during the dry season. Continuous nibbling 
of small shoots reduces subsequent plant vigour and the situation is aggravated by increased 
weed competition 
Mineral nutrition 
Despite the fact that available soil phosphorus levels are low to very low at both sites, foliar 
phosphorus levels (2.1–2.2 g P/kg DM) lie within the normal range. It is possible that nutrient 
uptake is enhanced through an association with VAE, as postulated by Possinhgam et al 
(1977). 
Harvesting 
The crop is first cut back at the start of the second wet season. By then, the plants are only 
about one metre high, growth is very uneven and the yield of leaf is usually less than 0.3 t 
DM/ha. This state of affairs unfortunately leads some farmers to despair of future production 
and to lose interest in their crop. 
In the second and subsequent years, the optimum stage for harvesting is when lower leaves 
start to drop, i.e. when the tallest branches have grown c 1.5 m above stubble height. If 
harvesting is deferred beyond this point, yield losses due to leaf drop may be as high as 70 per 
cent. 
The harvest interval is variable, depending on the location and the weather prevailing during the 
growth period. At the height of the wet season in the Lower Shire Valley, the crop can be 
harvested at 4-week intervals and dry season temperatures are sufficiently high to allow growth 
to continue until available soil moisture is exhausted. Production only recommences after the 
first heavy fall of rain at the start of the following wet season. At Mpemba, on the other hand, 
cooler temperatures in summer allow only one harvest every 6 to 8 weeks and, as the dry 
season approaches, growth is limited more by temperature than by moisture stress. As the 
temperature rises again in September, residual moisture in the soil enables a flush of growth 
before the rains break. This flush may yield more than 1 t DM leaf/ha. 
In normal years 3 or 4 harvests are taken, each yielding 1.5 – 2.5 t DM leaf/ha, i.e. total yields 
vary between 5 and 10 t DM/ha/an. Production tends to increase over the first 4 years, 
presumably due to improved root penetration. 
At each successive harvest, the branches are cut back to about 2.5 cm above the previous 
stubble height. It therefore is necessary, after about 3 years, to cut the stems back to a new 
primary stubble at c 10 cm. 
Varietal evaluation 
In trials conducted over a three year period at Mpemba and Zunde, the following varieties were 
studied: 
cultivar Cunningham (Cunn) 
cultivar Hawaiian Giant K8 (HGK8) 
cultivar Peru (Peru) 
Differences in germinability and seedling vigour were negligible. Although significant yield 
differences have previously been reported between Cunn and Peru (Hutton and Beattie 1976) 
and between KGK8 and Peru (Brewbaker et al, 1972) such differences did not occur under 
intensive cropping in Malawi (Table 3). 
Table 3. Dry matter production of three Leucaena cultivars (3rd year). 
  Yield of leaf (t DM/ha/Yr) 
  Cunn HGK8 Peru 
Mpemba 6.32a 6.38a 5.44a 
Zunde 5.25a 4.93a 5.49a 
Figures in each row, joined by the same postscript letter, do not differ significantly at P = 0.05 
At Mpemba, the order of flowering was Peru, Cunn, HGK8 and at Zunde, Peru, HGKB, Cunn. 
Both Cunn and HGK8 tended to produce fewer, longer branches while Peru produced more, 
shorter branches. Cunn and Peru branches were significantly leafier than those of KGK8 (Table 
4). 
Table 4. Physical branch composition of three cultivars (Mpemba). 
  Cunn HGK8 Peru 
Branch components  
(% DM basis) 
Leaf 59a 52b 58a 
Stem 41 48 42 
Leaf components 
(% DM basis) 
Rachis 10 10 10 
Ranchilla 10 10 10 
Pinnule 80a 79b 81a 
Figures in each row, joined by the same postscript letter, do not differ significantly at P = 0.05 
In most respects, there were only minor differences in chemical composition between cultivars; 
the most important differences being those of the lower mimosine and the higher xanthophyll 
values of Cunn (Table 5). Overall, Cunn is considered superior to HGK8 and Peru, and is the 
cultivar currently recommended in Malawi. 
  
Table 5. Chemical and nutritional characteristics of three Leucaena cultivars (January harvest, 
Mpemba). 
  Cunn HGK8 Peru 
Whole leaf 
Ash (g/kg DM)   84   69   74 
N × 6.25 (g/kg DM) 217 230 234 
Crude fibre (g/kg DM) 123 149 136 
Ether extract (g/kg DM)   22   28   31 
N.F.E.(g/kg DM) 622 590 592 
T.D.N. (g/kg DM) 617 609 609 
Mimosine (g/kg DM)   23   42   28 
D value (DOMD %)   52.6   52.3 54.3 
Pinnule 
Carotenoids (g/kg DM) 
B– carotene 389 310 315 
Xanthophylls (total) 873 653 609 
Processing 
Where fresh Leucaena foliage is fed to stall cattle, bundles of branches are placed in the food 
rack once a day. There are conflicting opinions as to whether pre-wilting increases or decreases 
palatability 
Where the foliage is to be dried, cut branches are laid on their own stubble in such a way as to 
provide maximum air circulation and minimum soil contamination. After one or two days drying, 
the branches are heaped up and threshed by hand-beating. Once the separated leaflets 
(pinnules) have dried to the stage that they can be easily crushed by hand, they may be stored 
without fear of mould damage. Dried leaf destined for winter feeding requires no further 
processing and may be stored in Hessian sacks without being attacked by grain storage pests. 
Where the dried leaf is to be marketed as an ingredient in poultry rations, it is necessary to 
sieve off any twigs, flowers, rachises and rachillae. These by-products contain 10-15 per cent 
crude protein and are fed to cattle. 
The grading scheme for dried Leucaena leaf products is presented in Annex 1. for export 
purposes, the dry pinnules are palletized. 
Utilization 
The value of Leucaena as a feed for ruminants in the tropics has recently been discussed by 
Jones (1979). 
In Malawi, Leucaena is fed, together with Pennisetum purpureum (Napier grass) and 'madeya' 
(maize bran) to beef and dairy cattle held in stalls on smallholdings. Although some foliage is 
fed fresh, farmers are encouraged to conserve the leaf for winter feeding. On a typical 
smallholding of two hectares, a Leucaena plot of 0.25 ha will produce sufficient dry leaf to feed 
three dairy cows or fattening steers, at the rate of 3 kg DM/head/day, through the dry season. At 
this level of intake there have been no clinical symptoms of mimosine-DHP toxicity. Malawi 
Zebu and Zebu × Fresian steers, fed a ration of Leucaena leaf and maize bran (1:4) and maize 
Stover gained 1.17 kg/head /day (Thomas and Addy, 1977). 
Where Leucaena is produced as a cash crop, dried leaf is sold to the local milling company for 
incorporation in layers, rations as a source of carotenoid for yolk pigmentation. In a country 
where neither yellow maize nor Lucerne are grown, Leucaena meal provides an economical 
alternative to imported synthetic carotenoids. 
Inclusion of milled Leucaena leaf in layers, rations at the 5 per cent level provides sufficient 
xanthophylls to pigment the yolks at intensities of 10 or more on the Roche Scale, with no 
deleterious effects on egg production or bird health. Egg yolk colour decreases as the age of the 
meal increases, due to oxidation of the xanthophylls. Oxidation can be reduced to a large extent 
by pelleting the meal and by adding a small quantity of antioxidant. 
Discussion: the problems 
We would like to discuss further some of the practical problems that have arisen during our 
studies in Malawi. While the effect of unfavourable environmental factors can be reduced by 
research, there is great scope for improved management by the smallholder. 
1) Sowing of unscarified seed occurs when a farmer obtains seed from his neighbour. Poor 
establishment often leads to disillusionment with the crop. 
2) Sowing of uninoculated seed can also occur when seed is obtained from neighbours and in 
some cases there have been nodulation failures following the use of commercial 
inocula. Rhizobiummortality can be due to desiccation, overheating, freezing, exposure to 
sunlight or aging of the culture. 
3) There have been major establishment problems in the vertisols of the Lower Shire Valley, 
due either to wet weather causing anaerobic conditions and germination failure of deep-sown 
seed (c 7 cm), or due to dry weather causing desiccation of shallow-sown seed (c 2 cm). It is 
essential to have a reserve of seed for supplying poorly established stands. 
4) Termite attack at the seedling stage can be a major problem. Daily surveillance of the crop is 
necessary during the first few weeks and provision must be made for immediate spot spraying 
with a suitable insecticide such as dieldrin or aldrin. 
5) On some smallholdings, weed control during the establishment year is hopelessly 
inadequate. Understandably, the farmer places higher labour priority on his staple crops than, to 
him, on an unknown stock feed. The problem is compounded on occasion where 
the Leucaena is finally weeded, and the thick layer of dry trash is burned accidentally, killing 
many Leucaena plants. One of the main advantages of under sowing Leucaena to maize is that 
both crops are weeded simultaneously. 
6) The nutritional requirements of Leucaena on different soils have not been clearly defined. 
The current fertilizer recommendation for latosols of 100-200 kg single super phosphate/ha/Yr is 
somewhatad hoc and more research is required in order to obtain economic response curves 
for the various nutrients. 
7) The widespread presence of goats in the villages is the biggest factor limiting the expansion 
of Leucaena in Malawi. It must be stressed that where free-ranging goats are present, the 
production ofLeucaena should not be attempted unless a suitable wire mesh fence is erected. 
8) During harvesting the branches are sometimes cut back as much as 15 cm above the 
previous cut. The result is that, over a two year period, the stubble height increases 
unnecessarily and an early cut back to a primary stubble height is required. 
9) Considerable yield losses occur on farms due to delayed harvesting. While this may be 
unavoidable because of inclement weather, in many cases harvesting is delayed because it 
appears to the farmer, as the crop continues to grow to 2 and 3 m height, that yield is increasing 
proportionately. He does not appreciate the losses due to leaf drop under the green canopy. 
10) Similarly, considerable leaf losses occur during transporting of over-dried branches in the 
field. This can be avoided by stacking partially wilted branches at the threshing floor or by 
moving the branches early in the morning, when the higher humidity causes some reimbition of 
moisture into the leaf. 
11) Recently harvested foliage is sometimes damaged by rain and the resulting colour loss 
renders the leaf unsuitable for sale as poultry food. If the rain damaged foliage can be dried 
within two or three days, it still retains its palatability and protein value and can be used as cattle 
food. 
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Initial performance of Leucaena at a sub humid, mid-altitude 
location in Ethiopia* 
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Ethiopia 
1. Introduction 
Leucaena leucocephala is native to Central America where it is sometimes found in areas with a 
prolonged dry season of up to eight and a half months (National Academy of Sciences, 1977). It 
is, however, generally cultivated and performs vigorously in tropical and sub-tropical lowland 
areas with a sub humid or humid climate. This leguminous tree/shrub is gaining wide 
acceptance for use as a high quality fodder or browse. 
Growth rate is greatly influenced by temperature and thus by altitude and latitude. The plant 
thrives only below 500 m elevation in Hawaii (National Academy of Sciences, 1977), at 1600 m 
in Indonesia and up to 1800 m in Colombia (Skerman, 1977). Western Ethiopia has extensive 
areas of land between 1300 and 1800 m elevation receiving annual rainfall of 1200-1600 mm, 
and whose mean maximum and minimum temperatures are similar to, or greater than, those of 
1200 m in Malawi (Savory and Thomas, 1977). 
It was thought worthwhile to test Leucaena, initially on a small scale, for its adaptability and 
fodder performance at one of these mid-altitude, sub-humid areas. The results of the first year's 
work are reported here. 
2. Environmental details 
Leucaena has been planted at Bako Research Station (9°8'N: 37°5'E), 255 km by road due west 
of Addis Ababa. The attitude is 1650 m. Monthly rainfall and temperatures for 1979 together 
with their long-term means are given in Table 1. Rainfall distribution is unimodal with an average 
of 80.3% of the mean total occurring between May and September inclusive. Useful rain 
sometimes falls in April and October and an effective `short rains' in March can occur with a 
probability of one year in four. In general an active growth season of six to seven months may 
be expected during which mean maximum and minimum air temperatures average 26.0°C and 
13.6°C, respectively. 
Table 1. 1979 rainfall and air temperatures for Bako. 
Month Rainfall mm No. of rainy 
days 
Air temperatures °C 
      Mean   Max Mean. Min 
January    33.4     (13.2)a    3     (3.0)a 27.0   (29.4)a 12.6   (10.1)a 
February    62.1     (20.5)    4      (4.2) 29.4   (30.7) 12.4   (11.8) 
March    29.1      (46.3)    7      (7.6) 31.1   (31.3) 13.7   (13.5) 
April    11.7     ( 55.7)    3      (9.2) 31.4   (31.0) 13.3   (15.0) 
May  207.1     (169.9)  17     (17.0) 28.3   (28.7) 15.8   (14.5) 
June  238.6     (204.9)  24     (23.4) 25.5   (25.9) 15.2   (14.1) 
July  264.0     (265.3)  27     (25.3) 23.9   (23.8) 14.9   (14.0) 
August  238.1     (229.4)  21     (22.2) 24.5   (24.2) 14.8   (13.8) 
September    83.1     (146.9)  15     (16.6) 25.5   (25.3) 14.1   (13.3) 
October    43.2       (69.0)    8       (6.5) 27.4   (27.8) 12.4   (12.1) 
November      0.5       (28.2)    1       (2.7) 28.4   (28.2) 11.1   (10.3) 
December      6.1       (15.7)    4       (2.6) 28.7   (28.9) 11.5    ( 9.1) 
Total 1217.0   (1265.0) 134   (140.3)     
Mean     27.6   (27.9) 13.7   (12.6) 
a Mean values (1961–1979) are denoted in parentheses. 
From May through October sunshine hours/day average 5 with a minimum of 3.1 occurring in 
July and August. Wind speeds are low throughout the year, averaging 1.08 km/hr. Mean daily 
evaporation (Class A pan) ranges from a minimum of 2.92 mm in July and August to a 
maximum of 6.54 mm in April. The year round daily average is 4.51 mm. Occasional light frosts 
can occur in valley bottoms in November through January, but not elsewhere as far as is known. 
The Leucaena was grown on a red-brown, sandy clay loam oxisol of moderate to good 
permeability. Previous analysis of similar nearby soils indicate a pH of 5.5 to 6, cation exchange 
capacity of 12 to 25 meg/ 100 g, and 11.8 to 18.7 ppm available phosphorus (Olsen method). 
3. Procedure 
Seeds of the cultivars Cunningham and Peru from Malawi together with an unnamed variety 
(hereafter referred to as ( 'X' ) from Australia, were treated with hot water at 80°C for two 
minutes prior to planting in perforated plastic pots of 7.6 cm diameter and 20 cm length. The 
potting mixture was topsoil, sand and manure in the ratio of 4:4:1 by volume. 
Seeds were planted at 2.5 cm depth on January 18, 1979; emergence percentages 18 days 
later were 71.6 for Cunningham, 75.6 for Peru and 65.3 for 'X'. The pots were watered daily for 
the first six weeks, and thereafter thrice weekly until transplanting. 
Some seeds of all three cultivars were coated with soil containing CB 81 rhyzobium prior to 
planting; further groups of seedlings were separately treated with rhyzobium strains CB 81, 
NGR 8, and NGR 135, carried on an agar base, which was dissolved in water and applied by 
watering can one month after planting. A few seedlings received no inoculum. Seedling growth 
was rapid. Two root and stem pruning were required prior to field transplanting. Termite attack 
was prevented by application of 1 g Aldrin (40% WP) per 100 seedlings applied in 10 litres of 
water and covered with a little potting mixture to prevent volatilization. 
The seedlings were transplanted into trial plots on 10 May, 1979, shortly after the onset of the 
rains, at an interplant spacing of 15 cm with 100 cm between rows. The base of the pots was 
cut off and the sides slashed prior to placing the seedlings in trenches 15 cm deep containing 
Di-ammonium phosphate fertilizer at the rate of 200 kg/ha. 
The bushes were harvested by cutting the main stems 30 cm above ground level. Any lateral 
branches below this height were cut back to 20 cm from the main stem. 
4. Trials and observations 
4.1. Comparison of cultivars 
The three cultivars were planted in randomized blocks with three replications. Each plot 
consisted of three rows of length 5 m. The centre row was harvested for yield determination, 
plant analysis (stem and branches, twigs, arid leaves), and protein analysis of each component. 
4.2 Comparison of rhyzobial strains 
The three cultivars were factorially combined with the three agar-based rhyzobia to give single 
plots in a Graeco-Latin square design. There were three rows of length 2.25 m per plot. The 
centre row was used for yield determinations. In addition, two 5 m length single rows each of 
cultivators. Cunningham and Peru seedlings with and without soil based CB 81 inoculum were 
planted. 
4.3. Direct sowing versus pot to field transplanting 
Three 5 m rows of Cunningham, inoculated with soil based CB 81 rhyzobium, were planted at 
the same time as the potted seedlings were transplanted. Yields were compared. 
4.4 Palatability testing 
Whole freshly cut branches were offered to cattle and sheep. The time required for acceptance 
and the percentage eaten were recorded. 
5. Results and discussion 
The first harvest was taken when Peru, the most rapidly maturing of the three cultivars, had just 
started pod formation; Cunningham and 'X' were then still in the flowering stage. This somewhat 
late initial cutting was taken to allow maximum root development prior to the dry season. All 
cultivars were approximately 1.8 m tall at first harvest. The plants were cut again some ten 
weeks later having received a further 6.6 mm of rain. Leaves at this stage showed signs of 
wilting. 
Table 2 contains the yield data of both harvests for the trials comparing cultivars and comparing 
rhyzobial strains, together with details of the whole plant analysis (stem plus branches, twigs, 
and leaves) by fresh weight and crude protein percentage. 
Table 2. Performance of Leucaena at Bako  
Cultivar Peru Cunningham "X" Mean SE a CV%b 
Comparison of cultivars Yield Data 
1st harvest 
24/10/79 Yield (t/ha 
DM) 
 
  6.50 
 
  6.15 
 
  7.95 
 
  6.87 
 
  0.55 
 
14.0 
Whole plant DM% 32.4 32.7 32.3       
2nd harvest 10/1/80 
Yield (t/ha DM) 
  
  1.19 
  
  0.78 
  
  1.43 
  
  1.13 
  
  0.18 
  
27.6 
Whole plant DM% 37.2 28.6 35.8       
Total yield 1st and 
2nd harvest (t/ha 
DM) 
  
  7.69 
  
  6.93 
  
  9.38 
  
  8.00 
  
  0.71 
  
15.4 
Whole plant analysis 
1st harvest. Fresh 
wt. basis Main 
stems and 
branches% 
  
 
30.0 
  
 
28.1 
  
 
25.4 
  
 
28.0 
    
Twigs% 11.0 12.6 15.0 15.0 12.9   
Leaves% 58.0 59.3 59.6 59.1     
Crude protein% DM basis. 
Main stems and 
branches 
 
  3.5 
 
  4.9 
 
  4.9 
 
  4.4 
    
Twigs   6.4.   6.7   7.0   6.7     
Leaves 19.1 19.7 19.1 19.3     
2nd harvest. Fresh wt basis 
Twigs% 22.6 14.8 22.5 21.0     
Leaves % 77.4 85.2 74.4 79.0     
Comparison of rhyzobial strains 
Total yields 1st and 
2nd harvest (t/ha 
DM) 
            
treated with: CB 81   8.06   9.56   9.45   9.02     
                  NGR 8   7.10   7.56 11.34   8.75 1.23 13.1 
                 NGR 135 10.56 12.49   8.46 10.50     
a Standard error. (= standard deviation of the mean). 
b Coefficient or variation. 
5.1 Comparison of cultivars 
There were no significant differences in yield between the three cultivars for either harvest or for 
the total of both harvests. Fresh yields averaged 21.2 and 3.3 t/ha for the first and second 
harvests, respectively, for the three cultivars. 
At the first harvest, leaves, which included the rachae and pinnae, constituted nearly 60% of the 
total fresh weight of the whole plant, with a crude protein value averaging 19.3%. There was 
little difference between cultivars in either percentage or crude protein values. Twigs, mainly 
secondary and tertiary branches of diameter 0.3 cm or less, averaged 12.9% of the total fresh 
weight. Branches and main stems, ranging in diameter from 1.5 to 0.3 cm, averaged 28% of the 
total plant weight and contained 4.4% crude protein. 
Leaves, twigs and stems/branches had mean dry matter (DM) percentages of 31.3, 33.3 and 
35, respectively, and thus the whole plant analysis on a dry matter basis did not differ markedly 
from that on a fresh weight basis. 
Regrowth at the second harvest consisted only of leaves and twigs. 
5.2 Comparison of rhyzobial strains 
There was no significant difference in yield attributable to the nodulation effect of any of the 
rhyzobial strains. Root examination revealed that most of the plants had some active nodules 
but at a relatively low concentration. Neither the agar-based nor the soil-based rhyzobia 
appeared to have been very effective in promoting nodulation, although both were stored under 
refrigeration until usage. Some inoculum viability may have been lost in transit from Malawi to 
Ethiopia. Cultivar `X' appeared to have less well nodulated roots than Peru and Cunningham. 
Single row comparisons with cultivars Peru and Cunningham between seedlings given CB 81 
rhyzobia and those given no inoculum showed no appreciable visible or yield differences. 
No visible nitrogen deficiency symptoms have been apparent so far. However, all seedlings 
received 36 kg N/ha, resulting from fertilizing with Di-ammonium phosphate, and this may have 
been sufficient to prevent N deficiency symptoms appearing in the first year of growth. 
5.3 Direct sowing 
Cunningham bushes planted from seed at the start of the rains were 50 to 70 cm in height by 
the first harvest in October, and gave a DM yield of approximately 1.5 t/ha. Regrowth during the 
dry season has been reasonable. Although yields of direct-planted Leucaena would be very 
much less in the first year than those obtained from transplanted seedlings grown under 
irrigation, the saving in cost, water and labour, could make the former method more worthwhile 
for small scale farmers. 
5.4 Palatability 
Acceptance of freshly cut Leucaena was immediate with mature zebu and crossbred bulls. 
Calves and sheep required one day of familiarization before eating the material: 63.2% of the 
fresh weight of cultivar Cunningham was eaten within 30 minutes by local Horro six-month-old 
lambs. All the leaves and some of the more tender twigs were consumed. The remaining, 
uneaten, materials could provide useful kindling and fuel wood. 
5.5 Pests and diseases 
No diseases have been apparent on the plants up to the present. Untreated seedlings, both 
potted and transplanted, were very susceptible to attack by termites who ate the bark of the 
lower stems. Aldrin application to the pots gave good protection even after transplanting. 
However, the first indications of further termite attack were seen at the first harvest and 0.5 g 
Aldrin (40% WP) per metre of row was watered on and immediately covered with soil. No further 
damage has occurred. Chain link fencing has been necessary to prevent nocturnal browsing by 
bushbuck and possibly porcupine. 
6. Conclusions 
The overall mean yields of 8.72 t/ha DM obtained in the first year of establishment, in which late 
season rainfall was appreciably less than usual, indicated that Leucaena can grow and yield 
successfully in the Bako environment. The lower altitudes and increased rainfall, up to a mean 
of 1600 mm per year, suggest that the plant should thrive in large parts of the Welega, Ilubabor 
and Kefa administrative regions of Ethiopia. 
Modulation, although present, was not vigorous. The yields obtained should be ascribed, to 
some extent, to the initially applied fertilizer nitrogen. No conclusions can be drawn as yet either 
to the most effective rhyzobium or the most suitable cultivar for Bako conditions. 
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1. Introduction 
Leucaena leucocephala (Lem) de Wit is a leguminous shrub or small tree which originated in 
Central America and is now widely distributed in the hot humid tropics. The plant has a variety 
of uses as a source, for example, of timber, firewood, dyes, ornamentation of parks and 
gardens, etc. In agriculture, it is commonly used as a source of protein-rich feed for browsing or 
for cutting and feeding to livestock in pens and yards. 
Leucaena's chief disadvantage in livestock feeding is the presence of a free amino acid, 
mimosine, which when fed in excessive quantities causes lack of thrift, reproductive problems 
and other side-effects. With due care however, these effects can readily be avoided. Moreover, 
new low-mimosine cultivars are expected to be released by plant breeders in Australia in the 
near future. 
Leucaena has been grown in Malawi for ten years. Evaluation at a number of sites has shown it 
to be very productive and best adapted to altitudes of less than 1,000 m above msl. The FAO 
project began agronomy studies in the early 1970's at Mpemba Veterinary Station near 
Blantyre. Meanwhile, Leucaena growing was promoted under an extension programme as a 
protein concentrate for dairy cows. The leaves were harvested and dried in the wet season. The 
pinnules and other tender parts were stripped and bagged, and the dry material was fed to cows 
towards the end of the dry season. 
It was soon realized that the protein concentrate was marketable and enquires were made 
regarding potential outlets. Chemical assays showed that Leucaena contained exceptionally 
high levels of carotenoids, including the xanthophyll group which provides the pigments giving a 
bright yellow or orange colour to egg-yolks, and beta-carotene, the precursor of vitamin A. The 
finer parts of the leaf were also low in fibre compared to the commercially available green meals 
such as Lucerne. It was therefore apparent that Leucaena was also marketable as a source of 
carotenoids for inclusion in poultry layers' rations. 
In 1974, a pre-investment study of the commercial prospects for Leucaena-growing on an 
industrial scale was proposed and approved by the project's sponsors. The area chosen for the 
study was the Lower Shire Valley, where the altitude for the most part was less than 200 m 
above msl. 
The agronomy trials at Mpemba were continued and expanded, and further trials were laid down 
at Zunde and Ngabu in the Valley1. From 1975/76 onwards, farm production trials were carried 
out. Some were made in cooperation with smallholders, and some by the project using its own 
labour force. During the study a few estates, both privately and publicly owned, became 
interested in the work and established small trial areas of Leucaena. 
1 The agronomy trials are described by my colleague, Mr. R. Savory, above, p. 411. 
Meanwhile, feeding trials with Leucaena leaf had been initiated by the Agricultural Research 
Department of the Ministry of Agriculture and Natural Resources. Stall feeding experiments with 
cattle had shown live weight gains over a six-month period of up to 1.17 kg/head/day with a 4:1 
mixture of maize bran and Leucaena meal. 
Experiments by the project and the University of Edinburgh had shown that Peru was unsuitable 
for feeding to chicks, which showed a marked lack of thrift. On the other hand, fresh pellets fed 
to layers increased the intensity of egg yolk colour to Roche Index values of more than 11 
initially, and to values of 7 to 8 after storage for more than six months. These figures may be 
compared to the common commercial target value of 9. 
On the marketing side, enquiries into the availability of export outlets were continued. From the 
start, it was evident that Leucaena leaf was little known as a trading commodity and that a 
market would have to be created. A close study of the requirements of manufacturers of 
livestock feed would have to be made, and development on the production side would have to 
be market-oriented. 
In keeping with the priorities thus established, this paper presents the market findings of the 
study first, followed by those for processing. Production comes last, and the profitability and 
future prospects of the crop are assessed in the marketing context. 
2. Markets 
2.1 The domestic market 
The sole commercial outlet for Leucaena during the study was provided by a local company 
producing milled products and livestock feed compounds for sale in Malawi. The company 
boughtLeucaena leaf delivered to its works in Limbre. To accommodate the firm's requirements 
and to specify the nature of the product, a grading system was devised. Grade A leaf was 
defined as the dried pinnules of good colour and a crude protein content of 25% to 30%. Up to 
10% of rachillae was accepted in the sample. Grade B consisted of rachillae, rachises, twigs, 
pods and flowers, with a crude protein content of 10% to 15%. Grade C described leaf which 
had become discoloured as a result of wetting, drying and the formation of moulds, but which 
still had a crude protein content varying between 10% and 25%. 
The company paid 9.3 cents/kg at the start of the study, but in 1978 raised the price to 11.9 
cents/kg. Transport costs did not rise and it was possible to raise the farm gate price from 5.3 
cents/kg to 8.0 cents/kg. The Government of Malawi required the domestic demand to be 
satisfied before any export sales were made. Although production remained on an experimental 
scale during the study, at less than 50 tonnes/ year, it was estimated that the company's 
requirements were no more than 600 tonnes/year and that no commercial demand was likely to 
arise anywhere else in the country in the short term. Taking a conservative average yield of 2 
tonnes/ha, only 300 ha of crop would be required to meet that demand, and it was clear that any 
future Leucaena industry would cater essentially for an export market. 
2.2 Export markets 
Reports were received (private communication) of markets for Leucaena leaf in Japan and 
Singapore, drawing on supplies from the Philippines, China, Taiwan and Malaysia. The 
Japanese market was said to require 20,000 tonnes/year, but this was largely unsatisfied. No 
firm data covering the size of either market was obtained, but one milling company in the 
Philippines reported regular export of Leucaena leaf in pellet form to Japan. The Singapore 
market was apparently an informal one, forming part of a general trade in a variety of green 
materials for livestock feeding. 
The general market prospects for Leucaena were favourable in the medium to long term. While 
the domestic market was very small, export prospects were good. Leucaena enjoyed a distinct 
comparative advantage from the point of view of quality over other green meals, notably its chief 
competitor, Lucerne. It had a lower fibre content and a higher content of protein and carotene, 
the components for which it was chiefly marketable. 
From a quantitative point of view also, the competitive position of Leucaena offered favourable 
prospects. Lucerne production in Europe was reported to have remained static over the five 
years from 1974 to 1978, while production in the USA had declined over several years (Agra 
Europe, 1979). Furthermore, drying of the Lucerne crop was dependant on oil fired drying 
systems, which were likely to become more expensive with the rapidly mounting world price of 
oil. For Leucaena, on the other hand, there were good prospects of developing an effective 
drying method using woody by-products of the crop. 
Fish meal also, for which Leucaena was a partial substitute, was becoming more expensive. 
This was due to over-fishing and improvements in the technology of fish processing, which had 
resulted in lower availability for the cheaper by-product. 
Interest in Leucaena leaf in response to the project's market enquiries was shown by importers 
in Zambia and South Africa, but the main interest came from Europe, notably the Netherlands. 
There an immediate market for 6,000 tonnes/ year was available (private communication). The 
potential market was estimated to be around 18,000 tonnes/year. 
Marketing in Europe ,however, involved high freight and handling costs. The exact amount of 
these costs was not obtained because Leucaena, as a new crop, had no established tariff 
classification for either rail or ocean freight. Estimates were therefore made of both transport 
costs and landed prices in Europe. It was concluded from market trends that by 1982, when the 
earliest exports from Malawi could be expected, the value of Grade A leaf, c. i. f. Rotterdam, 
would be 25 US cents/kg. Transport costs from railheads in Malawi, which were calculated from 
existing freight rates for similar commodities, were expected to rise by 1(W/10% and to equal 
about half the landed value. An f. o. b. value of 12.5 cents/kg would still allow a small increase 
on the current farm gate price of 8.0 cents/kg. 
However, the projections were based on the assumption that Leucaena would be available for 
consignment in commercial quantities. This was hardly likely by 1982 and it was concluded that 
development of trade in Leucaena would require a special development price, concession 
freight rates or both, if supplies were to be forthcoming and demand was to respond. Thereafter, 
economies of scale should ensure profitable disposal of the crop without artificial support. 
No work was done on the marketing and utilization of Grade B material. But experience showed 
that l kg of Grade B was produced for every 5 kg of Grade A. Given a crude protein content of 
10% or 15%, it was held that Grade B leaf would be suitable material for stall feeding cattle. The 
unit value would be small compared to that of Grade A, but the marginal effect of sales on the 
profitability ofLeucaena growing could be considerable. 
3. Processing 
The processing of Leucanea produced in the course of the production trials is described below. 
3.1 Project processing operations 
The crop was harvested by hand, using pangas or knives to cut off the whole branch to a 
stubble height of 30 cm. Various methods of sun/air drying were tried. However, spreading the 
cut branches over the stubble of the adjoining row was the only workable one for the larger 
areas. Spreading along the fence or drying in open sided sheds gave satisfactory results for 
small areas. Artificial drying with fuel oil and electricity was also attempted, but with the methods 
used, and at prevailing costs of energy, proved to be expensive. 
The most effective technique found for threshing the dried branches was to heap them on a mat 
and to beat the topmost ones on those lower down. Loss of pinnules by shattering was 
minimized by gathering dry branches early in the morning while the dew was still on them. Good 
separation of Grade A and Grade B leaf was achieved by hand sieving. Milling of Grade A leaf 
doubled its density, but the product proved too dusty for either transport in jute sacks or the 
pelleting process. 
The marketing studies had shown that pelleting of the product would be an essential 
requirement of export markets. Pelleting was found to decrease the dust problems which 
occurred even when unmilled leaf was handled, increase ease of handling, and increase the 
density of the material. 
The low density of Grade A leaf was a problem for the pelleting process itself. The nominal 
output of the pilot plant used by the project was 500 kg/hr, but the throughput of unmilled leaf 
without binders rarely exceeded 200 kg/hr. Towards the end of the project, pelleting trials were 
conducted on the effects of adding water, molasses and vegetable oil, separately and in varying 
combinations. All additives reduced losses from dust and tended to increase throughput and 
compaction rations. 
Tests carried out at Bvumbe Research Station showed no damage to Leucaena during storage 
by most common pests. The main storage problem was the oxidation of carotenoids which 
occurred over time and reduced egg yolk pigmenting ability. Preliminary studies of the effect of 
incorporating antioxidants in pelleting additives carried out by the project showed promise. More 
detailed studies have been initiated by the University of Edinburgh and the Tropical Products 
Institute. 
3.2 Conclusions about processing 
Leucaena leaf is a bulky commodity, expensive to transport and low in value per unit of weight 
or volume compared to other commercial products. Pelleting is therefore essential to minimize 
transport costs. For the same reason, processing plant should be located close to growing 
areas. 
Drying is a critical feature of commercial Leucaena production. Leuceana is a perennial crop 
which grows all the year round in suitable locations. However, it grows in the wet season when 
drying conditions are at their worst. For larger scale holdings, using mechanized systems of 
production and processing, it will be necessary to devise artificial drying methods. It was 
concluded that flash-drying methods would be necessary, similar to those used for Lucerne or 
grass. This would be so because the drying of whole branches by sun/air methods involved 
drying out the woody parts as well as the softer parts of the leaf. Rapid drying combined with 
automatic threshing would dry out the latter first, without runback of moisture from the stem. It 
was calculated that pinnules could be dried from a moisture content of 70% in the green state to 
a desirable 15% in three minutes with a sufficient volume of air at a temperature of 500 °C. 
It was further concluded that the woody parts of the plant could provide the energy necessary 
for drying in the above manner. Economic evaluation of course, would have to await appropriate 
engineering studies. 
Pelleting of Leucaena, by the time the project ended, remained a slow and expensive process 
compared to that of other products, but scope clearly existed for improvements. The use of 
additives required further investigation. It was considered also that wilting might increase 
pelleting efficiency in large-scale processing units. Milling within a closed system would increase 
the density of the input material and thus increase the output of the pelleting machines. 
4. Production 
4.1 Project production operations 
i ) Organization: Farm production studies were carried out using a variety of forms of 
organization. The production units included plots established on traditional smallholdings, plots 
allocated to tenants on larger units established by the project and larger units staffed and 
managed exclusively by project personnel. 
The encouragement of smallholders to establish Leucaena on their traditional holdings ceased 
after the first two years of the study. It was found that the cost of goat-proof fencing, which was 
essential for Leucaena growing in the Lower Shire Valley, was too high for economic production 
on the 0.2 ha plots which had been established. Moreover, logistic difficulties were experienced 
in assisting growers on widely scattered farms with credit, extension and marketing services. 
Accordingly, the tenant system was introduced in the 1977/78 crop year. Comparatively large 
blocks (up to 28 ha) were cleared, ploughed, cultivated, planted and fenced by the project. All 
operations except clearing were done with machinery. The blocks were subdivided into 0.4 ha 
plots and let to selected farmers. The cost of developing the blocks was to be recovered by a 
levy on production over the first two years of the scheme. No rent was charged. Several blocks, 
varying in size up to 14 ha, were planted and managed by the project. 
Fencing requirements per hectare fell sharply with the change in organization. Separate 0.2 ha 
plots had required 2 rolls each of "Veldspan" mesh wire fencing, or 8 rolls/ha. On the larger 
holding less than 1 roll/ha was required. 
ii) Data Collection and Analysis. Due to the changes in technique and production organization 
which occurred as the study progressed, it was not possible to carry out a fully satisfactory 
input/output analysis. Nevertheless, data were collected and analysed with a view to identifying 
trends and quantifying the relationships. 
a) Yields. The last crop year for which a full year's figures are available is 1977/78. By that time 
there was little information concerning the new tenant-type holdings. Yield information covering 
a number of years is therefore confined to results from nine smallholders who had planted in 
1975 and consistently harvested these Leucaena plots and their traditional holdings. 
Table 1 gives yield data on the nine smallholdings for the three years 1975/76 to 1977/78. Some 
reservations about the data must be made with regard to the small size of the sample and its 
bias towards the better and more successful farmers. Also, the plots were small and varied 
between only 0.2 ha and 0.3 ha in size, whereas experience showed that yields per hectare 
tended to fall with size of plot. Furthermore, yield differences were often attributable to site 
differences and the sample was in no way a random one. 
  
Table 1. Leucaena yield data from nine small holdings, 1975/76 to 1977/78 (Kg/ha) 
  1st Year 2nd Year 3rd Year 
Average yield 587 1,656 2,168 
Highest individual yield 975 2,140 4,420 
Lowest individual yield 438    544    975 
Even so, it is considered that the results give some indication of the yields which are possible in 
the future as technology improves and farmers become more skilled in growing the crop. 
Particularly notable in Table 1 is the high rate of growth in yields which occurred year by year. 
This was another factor which inhibited economic analysis. The study covered too short a period 
for plateau levels of output to be identified on even the oldest Leucaena stands, and thus for 
long-term average yields per hectare to be identified. 
b) Establishment costs. Details of the costs of establishing the larger blocks in 1977/78, at 
current prices, are shown in Table 2. 
Table 2. Establishment costs on larger blocks. 
Site Area Goma 14 ha Tomali 28 ha 
Costs US $/hal             – US $/ha– 
Fencing 
Materials 143  88 
Labour    4    1 
Tractor    4    4 
Clearing (labour only)  39   27 
Ploughing and cultivation (tractor 
costs) 
 
 46 
 
  46 
Planting (tractor costs)  39   19 
Weeding, replanting, supplying 
and spraying (labour only)  
  
 39 
 
  35 
Insecticides    8   53 
  318 272 
1 Any errors in addition are due to rounding in the conversion of Malawi kwachas to US dollars. 
The dominance of fencing costs among total costs should be noted. Attention is also drawn to 
the smaller fencing cost per hectare in the larger block, illustrating the economy of scale already 
mentioned. No charge was made for seed, which was supplied free to growers. No fertilizer was 
used on any of the production units in the study. Weeding was mainly carried out in the 
establishment years. Some weeding was also carried out in the second year, but thereafter the 
vigorous growth of the crop suppressed all competition and weeding was no longer required. It 
was therefore treated as an establishment cost only. 
c) Operating Costs. Operating costs consisted entirely of labour costs. Once the crop was 
established, the only activities were harvesting, threshing, sieving and bagging. Bags were 
supplied by the project and their cost allowed for in determining the farm-gate price for Grade A 
leaf. 
Details of labour use in these activities were recorded for the project's own block at Ngabu 
throughout 1978, as shown in Table 3. Costs were calculated at the current minimum daily rate 
for rural workers of 30.0 US cents for a 7.5 hour working day. 
Table 3. Labour use and operating costs of leucaena production, Ngabu plot, 1978. 
  Man-hours/ha US $/ha 
Harvesting   600 34 
Threshing   627 25 
Sieving and bagging   418a 17 
Total 1,645 66 
a Man-hours for sieving and bagging were calculated using the yield figure for Ngabu plot for 
1978 of 2,842 kg/ha and a throughput rate of 6.8 kg/hr. 
It should be stressed that these data were obtained using government-employed, daily-paid 
labourers. Other studies had indicated that output per hour by similar labourers on task work, or 
by self-employed smallholders, was generally more than double the figures quoted in Table 3. 
The Ngabu figures, however, provided the most comprehensive set of labour input data 
collected. Furthermore, they referred to a pattern of harvests per year, which was expected to 
be the regular pattern for the future. A total yield per hectare of 2,842 kg was attained from four 
harvests in 1978 which took place respectively in January/February, April/May, July and 
October/November. The crop had been established in 1974. 
A daily record of all labour inputs was kept for the 1977/78 cropping year for ten households 
which had established Leucaena plots on their own holdings in 1975/76. The householders 
were selected for their nearness to the project office, rather than on a random basis, because of 
labour constraints on the project itself. The farmers gave Leucaena growing a low priority in 
allocating labour time. The average farmer devoted only 4% of total working hours to the crop, 
compared to 62% for cotton and 28% for food crops. Leucaena was given most attention in the 
dry season, when the requirements of other crops were low. 
Yields per man-day of labour applied to Leucaena growing varied widely. The data from one 
holding could not be used for input/output comparison, while two others did not harvest their 
crops at all. Yields per man-day for the remaining seven were, in ascending order: 6.7, 7.9, 
11.9, 28.8, 41.4, and 43.2 kg. 
Apart from matters of efficiency and the low priority which the farmers attached 
to Leucaena growing, the explanation of the wide divergence in the returns to labour may have 
been associated with the fact that they rarely harvest the crop completely in one continuous 
operation. It was therefore cropped at differing stages of growth; different amounts of leaf loss 
occurred and the yield of marketable leaf obtainable from a day's work varied accordingly. 
The wide variation in returns to labour was confirmed by project experience on holdings under 
the direct control of its own staff. Variations associated with the existence or otherwise of 
incentives to complete the task were illustrated by separate observations of the results obtained 
when the work was done on a piecework basis and when it was done for a daily wage. The 
mean amount of time taken to cut one hectare of Leucaena on task work was 67 man-hours (10 
observations). The same task under similar conditions, but done by day labour, took 149 man-
hours (22 observations). 
Output per unit of labour was also found to depend on the stage of maturity of the crop. This 
occurred in two respects. The more mature crops took longer to cut and, being cut less 
frequently, suffered greater leaf loss between harvests. 
4.2 Conclusions about production 
1) Yields. Yields obtained by the project and by smallholders were variable, but as noted, could 
be expected to increase as existing plantings became older and more strongly established. 
They would also rise as techniques of growing were improved and, above all, as farmers gave 
greater priority to Leucaena growing compared to other crops. In this connection, a marked 
increase in supplies of leaf and in activity, on Leucaena plots generally, occurred when the farm 
gate price was raised from 5.3 US cents/kg to 8.0 US cents/kg early in 1979. 
For purposes of planning and rough analysis of the economic prospects of Leucaena growing, it 
is necessary to make assumptions regarding likely yields. It was assumed that smallholders 
could achieve in the long term an average yield of Grade A leaf of 2 tones/ha. At the current 
farm gate price, this would provide a gross return of $ 160/ha. 
2) Size of holdings. The economies of scale achieved by concentrating smallholders' plots into 
tenant blocks, could be increased by the establishment of full-scale settlement schemes. The 
tenants would reside on the scheme area and, apart from growing food crops, would earn their 
incomes entirely from Leucaena. Processing facilities would be provided on the site and further 
economies thus made in handling and transport. 
The appropriate size of tenant holding had been suggested by the labour utilization studies. The 
study of ten households indicated that the average household devoted a total of 5,089 man-
hours to farm work in the 1977/78 production year. Of this figure, 3,365 man-hours was given to 
production of cash crops - cotton and Leucaena. At the same time, the data from the Ngabu 
plot, as shown in Table 3, indicated that annual Leucaena operations required 1,645 man-
hours/ha. On this basis, the average household could look after 2 ha in addition to subsistence 
crops, and the gross return fromLeucaena would be $ 320 a year. 
3) Establishment costs. The figures in Table 2 suggested that a settlement scheme of perhaps 
500 ha, requiring boundary fencing to keep out goats, with further scale economies in fencing, 
might cost between $120/ha and $180/ha to establish. Outside the Valley in areas where goats 
or other stock were not a problem, the cost would be considerably less. 
Leucaena was a perennial, or orchard crop and stands older than 40 years were common in 
other countries. If establishment costs of say $140 were written off over a period of 20 years, 
the annual charge would be only $ 7/ha, or $14 per tenant unit. 
4) Net returns. In the absence of cash costs and without putting a value on labour, the annual 
net return to the tenant would be $ 306 or $ 153/ha. 
However, Leucaena production at the smallholder level may not always be free of cash costs. 
For instance, the project found response to fertilizers at a number of sites. 
As Leucaena becomes more widely grown, pests and disease may develop and require 
expenditure on chemicals and spraying equipment. Also considerable expenditure could arise if 
irrigation proves worth while. 
The labour requirement will increase as yields increase. It may also rise with changes in 
management systems. For example, it may be found more productive to reduce the height to 
which the crop is allowed to grow, and thus to harvest more frequently. This would reduce 
competition by the crop and could encourage weed growth. Weeding might thus become an 
annual labour cost. 
5) Opportunity cost. The opportunity cost of settling smallholders on 2.5 ha of land as proposed, 
was measured by reference to the current model budget for the Makande and Tomali plains 
under the Shire Valley Agricultural Consolidation Project (IBRD, 1978). This provided for a 
mixed farm matched to average household labour resources, of 1.94 ha. The net farm benefit to 
a farmer adopting Stage 1 improved techniques was given as $ 218, after deducting $ 43 of 
cash costs. Leucaena growing with a return of $ 306 plus the value of subsistence would thus 
have a clear lead over the best alternative in the area. 
5. Future development 
Although the goal of the investment study, in accordance with Malawi's national development 
priorities, was a new industry based on smallholder production, it was concluded that 
specializedLeucaena estates would have to lead the way and provide the basic structure. It was 
envisaged that any future industry would consist of nucleus estates and satellite smallholdings. 
The essential functions of the estates were seen to be as follows: 
a) To mobilize capital 
b) To provide technical and managerial skills. 
c) To provide the infrastructure for production processing and marketing on a national scale. 
d) To facilitate economies of scale in all operations. 
e) To provide processing facilities near to production sites. 
f) To build up rapidly, and maintain, the minimum quantity of Leucaena required to interest an 
overseas manufacturer of livestock feeds. 
g) To provide supplies and services to smallholders, including fencing materials and seed at 
discount prices, a machinery pool, a credit scheme, a production advisory service and a ready 
market for smallholders' output of Leucaena leaf. 
By the end of 1979, when the investment study ceased, private interests were considering 
proposals for the establishment of a Leucaena estate. 
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VIII. Integration of browse in pastoral or agropastoral systems 
The integration of browse plants within pastoral and 
agropastoral systems in Africa* 
G.C. Boudet And B. Toutain 
Agrostologues, Institut d' Elevage et de Médecine Vétérinaire des Pays Tropicau 
                Maisons-Alfort, France 
1. Tropical browse plants: truth and fiction 
The goats which climb the argan tree (Argania spinosa) in southern Morocco or browse acacias 
in Somalia by balancing on a plank show, as nothing else can, the true situation with regard to 
the utilization of browse plants by the goat. Similarly, the zebu cattle clustered at the foot of a 
calcedrat tree (African or Senegal mahogany) being pruned by a Fulani herdsman demonstrate 
the extent to which cattle also enjoy some browse products. 
Experiments carried out in 1976 by Blancou, Calvet et al, in Dakar (Table 1), using the fistula 
method, showed that a zebu may consume ligneous products (leaves, fruit or creepers) in 
amounts ranging from 2 to 60% of its daily intake between March and June. The animal makes 
thorough use of the opportunity to improve on its ordinary routine diet, but the proportion of 
browse increases as the dry season progresses (6% in March–April, 20% in April–May, 45% in 
May–June). 
Table 1. Proportions (in %) of different feeds in overall intake. 
  Green plants 
     Browse 
Sampling date Dry plants Grass shoots Creepers Leaves Fruit or seed Sub. total 
12/3/1976 96.8   9.96   1.28   0.64   0.32   2.24 
19/3/1976 96.7   1.32   0.99   0.66   0.33   1.98 
  3/4/1976 91.6   9.84   1.68   0.84   5.04   7.56 
  9/4/1976 84.24   4.73   4.73   3.15   3.15 11.03 
16/4/1976 45.24   5.47   5.47 10.95 32.87 49.29 
23/4/1976 46.54 25.24 15.14   5.04   5.04 25.22 
30/4/1976 72.3 16.62   2.77   5.54   2.77 11.08 
7/5/1976 68.8 15.6   3.12   9.36   3.12 15.6 
14/5/1976 97.48   1.25   1.02   0.25   0   1.27 
22/5/1976 35.9   6.41 19.23 19.23 19.23 57.69 
29/5/1976 38.48   0   6.15 36.91 18.46 61.52 
4/6/1976 56.68   4.33   4.33   4.33 30.33 38.99 
11/6/1976 69.6   6.14   9.23   9.23   6.14 24.6 
18/6/1976 51   4.9   9.8   9.8 24.5 44.1 
  68.16%   6.7%   6.06%   8.28% 10.8% 25; 12% 
  ±12.9 ±4.2 ±3.1 ±5.6 ±6.7 ±12.1 
Source: Blancou J., et al (1977): Composition of natural grazing consumed by cattle in a tropical 
environment: note on a new study technique. 
These results have apparently been refuted by the work of Nebout et al, carried out in 1978 in 
northern Upper Volta (Table 2). Goats ingest only 180 g of browse, corresponding to one third of 
the intake in weight and 40% of the nitrogen requirement. Zebu cattle only consume 135 g, a 
minute proportion of daily intake and nitrogen requirements. However, an estimate by the 
authors reaches the conclusion that 50% of browse resources are probably consumed during 
the year by the livestock present in the area. 
Table 2. Estimate of dry-and wet-season rations: Estimate of dry-season ration 
Goats: 
Species DM intake (g) FU supplied DCP supplied 
Balanites aegyptiaca 70 0.060 3.42 
Acacia raddiana 20 0.020 1.82 
Acacia nilotica 15 0.016 1.15 
Combretum aculeatum 30 0.025 0.996 
Guiera senegalensis 20 0.014 2.22 
Ziziphus mautitiana 28 0.029 1.98 
Total 183 0.164 11.58 
Cattle: 
Species DM intake 
(g) 
FU supplied DCP supplied 
Combretum aculeatum   56 0.047 2.65 
Guiera senegalensis   80 0.058 6.22 
Total 136 0.105 8.87 
Estimate of wet-season ration: 
Goats: 
Species DM intake 
(g) 
FU supplied DCP supplied 
Dalbergia melanoxylon   45 0.04   6.03 
Dicrostachys cinerea   56 0.05   6.89 
Guiera senegalensis   15 0.01   1.72 
Total 116 0.10 14.64 
Cattle: 
Species DM intake 
(g) 
FU supplied DCP supplied 
Guiera senegalensis 50 0.04   5.73 
Dichrostachys cinerea 90 0.04   4.92 
Total 90 0.08 10.65 
Source: Nebout, J.P., Toutain D. (1978) Study on browse trees in the Sahel zone. (Oudalau, 
Upper Volta), CTFT/IEMVT. 
The work of Rose-Innes and Mabey, written many years ago now (1964), provides a sensible 
explanation for these apparently contradictory results (Table 3 and Figure 1). During the dry 
season of 1961-62, Rose-Innes fed browse leaves ad libitum to batches consisting of five 
African shorthorns in the Accra plain of Ghana. 
Table 3. Daily grass and browse intake (lb.) in trials x and y (five beasts) 
Source Material Trial X Trial Y Mean Mean/beast 
612 squares 
clipped 
before 
grazing 
Total fresh grass 345.54 320.9 333.22   
  Average dry matter 
(%) 
  73.57   73.04   73.31   
612 squares 
clipped after 
grazing 
Total fresh grass 248.36 234.38 251.37   
  Average dry matter 
(%) 
  74.84   70.89   72.87   
  Total dry grass 185.87 180.3 183.09   
  Total dry grass 
intake 
  68.34   54.1   61.22 12.2 
Simulated 
shrubs 
Fresh browse 
offered 
273.06 296.31 285.69   
  Fresh browse 
residues 
208.93 208.43 208.68   
  Fresh browse intake   66.13   87.88   77.00   
  Dry matter (%)   61.18   45.79   53.49   
  Total dry browse 
intake 
  40.46   40.24   40.35 8.1 
  Total dry-feed intake 108.80   94.3 101.6 20.3 
  Browse/grass intake         37.2/62.8     
%) 42.6/57.4 39.9/60.1 
  
 
Figure 1. Studies on browse plants in Ghana. (Source: Rose-Innes and Mabey). 
The animals consumed 40% of their daily ration in the form of leaves (Griffonia 
simplicifolia), with an intake of 3.3 kg of DM/100 kg live weight. However, the animals had 100 
artificially grown bushes per hectare available to them, whereas on natural grazing land there 
are only 7 bushes to the hectare, of which only 0.5 ha consist of species which are easily 
accessible to livestock. The consumption of browse is normally highly inadequate. 
From these different observations it may be concluded that browse plants can satisfy the needs 
of cattle or goats, on condition that the animals can gain easy access to them and that a 
sufficient quantity is available to them directly or with the aid of man. 
2. Agroforestry in Africa 
Agroforestry is a long-standing tradition amongst certain groups in Africa. There is even talk of 
an entire culture sustained by the Palmyra tree (Borassus aethiopium), the leaves of which are 
used to make matting, while the fruits are eaten and the stems are chopped up for timber which 
does not rot and is seldom attacked by termites. The baobab (Adansonia digitata) is protected 
or even planted by villagers, who harvest the bark for making ropes, the leaves for use in 
sauces and for-making "spinach", and the fruit for the meal it provides. In the Sahel, the gum 
Arabic tree (Acacia senegal) is protected by the farmers of the Zinder-Gouré area in Niger, and 
especially in Sudan (the El Obeid area in Kordofan) where 4 or 5 years of millet, groundnuts and 
sesame cropping are followed by so years of fallow, using shrubs with Acacia senegal and 
harvesting the gum from the fifth year onwards. 
In the Sudanian zone, the West African néré or African locust bean (Parkia biglobosa to the 
west and P. clappertoniana to the east) is left standing in fields because it provides soumbala, 
which is extracted from the pods and is a much appreciated flavouring in sauces. The shea 
butter tree (Butyrospermum paradoxum) is also left standing by the farmers in the Sudanian 
zone on account of the "butter" which can be extracted from the seeds. 
In the Serere area, and in the homelands of the Mandingo of Casamance in Senegal, of the 
Bambaras of Segu in Mali, the Bissas of southern Upper Volta, Hausas of Niger and northern 
Nigeria, as well as of the Djebel Marra in Sudan, the fields are dotted with Acacia 
albida, probably of anthropic origin. 
The Hausa sultans of Zinder in Niger actually set themselves up as protectors of the "Gao", 
decreeing draconian preservationist measures (see Griffard, 1964). Anyone who cut down a 
tree without permission had his head cut off, and anyone who mutilated a tree without good 
reason would have his arm amputated. Acacia albida cultures involving mixed farming are often 
contrasted with the strict arable farming cultures using the shea butter tree, in the Mossi 
country. Acacia albida is a curious tree which loses its leaves at the beginning of the rains, a 
factor which is favourable for cereal cropping; it comes into leaf and flowers at the end of the 
rainy season, providing browse and shade during the dry season, both in West and in southern 
Africa (Botswana and Zambia), where it is locally found on alluvial soils along watercourses. In 
East Africa it may even foliate and flower twice, according to the two rainy seasons, and its 
phenology may become even more complicated in areas of transitional rainfall regime. Amongst 
the examples cited, only the West African Acacia albida culture is clearly agropastoral in 
character. 
3. The future of browse plants in tropical African pastoral systems 
In order to avoid repetition and open up constructive debate, only a few ideas will be outlined, 
leaving room for discussion. 
3.1 In semi-arid tropical Africa 
The strictly pastoral areas of the Sahel zone are those with an annual rainfall between 100 and 
400 mm. Within the pastoral economy browse plants are virtually entirely consumed by 
domestic herbivores (camels, goats, sheep and cattle). In their communication to this 
symposium, Clanet and Gillet describe a traditional pastoral system making optimum use of the 
browse resources provided by Commiphora africana stands in Niger and Chad. Browsing the 
new leaves at the end of the dry season in areas where groundwater is easily accessible avoids 
the need to migrate large distances southwards in search of the first rains. Throughout the 
Sahel browse products are particularly valued: green or dry leaves, whether on the tree or fallen 
to the ground, flowers, infrutescences and green or dry fruits. Some species are so much 
sought after that they adopt a special "browsed" habit, with stump like branches and twisted 
spherical shapes, or else like a long-handled ceiling brush, or even with a prostrate habit flush 
with the ground or creeping along it. Particularly affected in this way are Balanites aegyptiaca, 
Cadaba glandulose, Feretia apodanthera and Maeru crassifolia. The herdsmen often beat the 
trees to bring down the fruit, but sometimes they prune them, either to make sure that ,the 
leaves are consumed or else to place only a few fruits within reach of their livestock. 
However, the regulations are strict and the forestry decree passed by the former AOF on 4 July 
1935 (Article 22) prohibits lopping in the Sahel zone. This measure was taken up by most of the 
Sahel countries and Article 39 of the Malian forestry code, passed on 17 February 1968, states 
that in the Sahel zone, the limits of which are fixed in Article 52, "the cutting, mutilating or felling 
of trees and shrubs for the purpose of feeding animals are strictly forbidden". 
It may also be noted (Article 1) that the forested areas of Mali consist of any land which has 
escaped bush clearance, this having occurred on perimeters where the peasants have cut down 
part or all of the trees and shrubs in order to grow crops, with the result that in the Sahel all 
pastoral land is legally subject to forestry regulations and the hand of man is prevented from 
intervening to make browse available to livestock. Such a regulation is clearly not without sense 
in an area where desertification is a risk. It is indeed justified by the ecological conditions, but on 
the other hand it is virtually inapplicable in these low-populated areas. However, in order to 
remain within the law it is necessary to take these regulations into account in pastoral 
improvement projects in the Sahel, in which trimming has to be prohibited. 
This preservationist measure can only have a favourable effect on the maintenance of browse 
plants in an ecological zone in which their survival is somewhat precarious. One possible result 
is that agroforestry improvement projects in the Sahel can be limited and restricted to forestry 
schemes alone (forestry plantations for protecting water points or for stabilizing shifting sand). 
These various kinds of plantation can be integrated into "green belt" projects, as has been done 
in recent years to combat desertification in these areas. 
At the same time grazing restrictions lasting a few months (6 months to 1 year) can allow the 
consideration of stands of browse planted for regeneration purposes, and indeed their rapid 
propagation is often astonishing, as also is the recovery of the crown in the species which are 
consumed the most. 
To sum up, a Sahel strategy for managing browse plants should consist of preservationist 
measures (prohibition of trimming and periodic restrictions on grazing), rather than on planting 
campaigns with highly unreliable results. 
3.2 In tropical sub humid Africa 
With annual rainfall between 400 and 800 mm distributed over 3 to 5 months, the sub humid 
Sahelo-Sudanian area of Africa is the home of mixed farmers, living alongside sedentary or 
transhumant herdsmen. In this ecological zone an agropastoral system using Acacia albida has 
built up, with 10 to 50 trees per hectare. 
Fruit production can exceed 100 kg per tree, reaching 600 kg/ha for a population of 50 adult 
trees. The leaves are also used by all domestic herbivores, and if the herdsman cuts only a few 
branches, the crown of the tree recovers rapidly and branches can be cut anew the following 
year. On the other hand, if the crown is totally cut off, the chances of survival for the tree are 
reduced and in any case it will not be available for trimming for a long time. 
The products of this tree are particularly rich in nitrogen: 17% for young leaves, 14% for older 
ones, 19% for flowers, 11 to 15% for whole pods, 27% for seeds, but only 6% for pulped pods. 
However, ripe seeds are indigestible and it is probably necessary to mill the fruits to make the 
nitrogen contents digestible for livestock. 
Is this traditional kind of agroforestry still relevant? Although Charreau and Vidal (1965) were 
enthusiastic about the fertilization provided for cereals by this tree, they concluded that planting 
and protecting the tree could only be recommended at a rate of 20 stocks per hectare under a 
traditional semi-sedentary system in which manual labour plays a leading part. 
Given the necessary future development of agriculture, whereby manual labour will give way 
first to animal and then to mechanized traction, it is difficult to see how fields of crops dotted 
with natural obstacles will fit in. Since wholesale deforestation remains contraindicated, the 
present authors advocate maintaining woodland belts as windbreaks between plots of cultivated 
land. 
At the same time, Klein has studied the eradication of Acacia albida from cultivated land and 
advocated treating the stumps, cut at or preferably 20 cm below ground level, using 0.15 litre 
per stump of a solution of 2-4-D - 2-4-5-T in water (5 litres of chemical per 75 litres of water). 
According to these authors, the traditional agropastoral system will thus have to evolve into a 
more clearly defined system combining open fields with wooded belts. This kind of scheme 
resembles the agroforestry system presented by J. S. Douglas for the Limpopo valley in 
southern Africa, with 300 mm of rain; the algorrobo tree (Prosopis) was planted in 1957 in 
contoured strips along hillsides, while the flat areas were left as grassland. Using these browse 
trees presupposes beating and often partially trimming them in order to make the feed available 
to livestock. In addition, better utilization of the pods by animals would imply previously milling 
them. 
Similarly, Lawton (1968) advised harvesting part of the leafy branches produced in coppice 
regrowth, starting with the young leaves produced in the middle of the dry season. The browse 
would be milled and distributed to animals the following year, between the end of the rains and 
the foliation period for browse plants during the following dry season. His work related to the 
copper belt in Zambia, where the woodland savanna contains a mass of edible browse plants 
and rainfall is under 1000 m. Species such as Afromosia angolensis, Abizzia adianthifolia, 
Anisophyllea boehmii, Baphia bequaertii, Brachystegia floribunda and B. speciformis, 
Julbernadia paniculata. Syzygium guineense were involved. Lawton advocates enriching the 
natural grazing by sowing or planting these species in parallel strips, some of the leaves being 
browsed directly and others being harvested and stored for the beginning of the next dry 
season. 
In an agropastoral system based on browse it is necessary to achieve a satisfactory planting 
method for ligneous species, i. e. distribution adapted to the requirements of cultivation methods 
and to the prehensive capacity of the animals, as well as in sufficient quantities to meet the 
needs of livestock. This presupposes protecting the young plants in species which are to be 
consumed, and destroying undesirable species while multiplying those which are less well 
represented and have a low propagation capability. 
In 1964, for example, Giffard suggested April sowing of Acacia albida seeds, previously soaked 
in boiling water, in polyethylene wrappers, followed by planting out in August. By that time they 
would have a stem a few centimetres long, but the root would already measure 25 cm. The 
success rate expected from this method would be comparable to the natural reseeding process 
carried out by animals when they eat the pods and excrete the seeds. However, the young 
plants are usually shorn at root collar level by animals during the dry season, so that the new 
shoots subsequently emerging are no wider than a finger, while the underlying root may reach 
the diameter of a stick or post. Several years of protection would thus appear necessary before 
a sapling emerges strongly enough and a young trunk is established. 
The difficulties of multiplying ligneous species have frequently been indicated, especially where 
there is a browsing risk. In Cameroon, Piot had to protect live hedges for 3 years with barbed 
wire. Most foresters prefer managing a village copse of trees clustered in one place, using wire 
fencing to close it off, rather than trying to plant wooded belts interspersed with agricultural 
fields. 
Attempts at propagating ligneous plants are often disappointing, and, at Niono, the ILCA 
research team (Hiernaux et al) obtained the following results: 
a) good germination results using seeds soaked in boiling water, from Combretum 
aculeatum 78%, Acacia albida 60%, Acacia seyal 78%, Bauhinia rufescens 30%, Ziziphus 
mauritania 32%; 
b) no success with apex cuttings; 
c) a satisfactory success rate with rootstock cuttings from: Acacia albida 63%, Balanites 
aegvptiaca 62%, Grewia bicolor 60%. 
Propagation from scalded seeds or rootstock might thus be considered for these browse 
species, but there remains the problem of protecting them from browsing for the first few years 
when they are planted as browse hedges or anti-erosion belts on agricultural land. 
Are these kinds of agroforestry schemes really feasible in a mixed farming context and at an 
acceptable cost, enabling cereals, milk, meat, firewood and timber all to be produced at the 
same time? Is it possible, as Giffard has suggested, to reafforest a fifth of cultivated land with 
strips 50 m wide and set perpendicular to the direction from which the harmattan blows, 
bordering cultivated plots 200 m across? 
Since there is no spontaneous regeneration it will doubtless be necessary to plant solid 
stretches of forest which will be fenced off for several years. Once the trunks have formed it will 
be possible to turn these reafforested areas over to grazing, and at a later stage the animals 
themselves will provide the dissemination method. However, an arrangement whereby the area 
is closed for browsing for several years should always be planned so as to allow the browse 
plants to grow and the wooded belts to materialize. 
At a later stage selective deforestation, cutting species which are not consumed and recovering 
firewood and charcoal, together with trimming and clump cutting for edible species, will enable 
woodland areas to be managed in accordance with optimum utilization by livestock. 
3.3 In tropical humid Africa 
Where rainfall is over 800 mm, as in the Zambian copper belt studies by Lawton, there is a 
forest climax and browsing leads to disequilibrium between the grass and ligneous components 
of the plant cover, to the benefit of ligneous plants. 
Introducing livestock to a savanna in the humid tropics thus normally leads to bush 
encroachment, resulting in increased tsetse infestation and the risk of trypanosomiasis. The 
herdsmen frequently burn part of the savanna early in the season in order to convert extra 
grazing areas, a process which also encourages bush encroachment. Only fires at a later stage 
in the season, which are difficult to control, provide a means of checking the invasion of 
ligneous plants. Otherwise the disequilibrium increases, the bushes grow into trees and the 
shade they bring eliminates grass species. Of the various ligneous species present many are 
consumed by livestock, and in the Adamaoua area of Cameroon Piot advocated managing 
rangeland by selective bush clearance and trimming in order to improve dry-season feed 
supplies of cattle at pasture. It was in the same kind of environment that Rose-Innes carried out 
his experiments on browse consumption. 
In his communication to this symposium, Audru suggests managing bushy pastures as a "forage 
forest", clearing bushes selectively and if possible introducing other edible species such 
as Leucaena leucocephala. A pastoral system in humid tropical Africa would thus be possible 
using: 
a) Wet-season grazing dominated by grasses, rested one year in three and burnt off in the 
middle of the season to check bush encroachment (a stocking rate of 500 kg liveweight per 
hectare was maintained on grazing of this kind in Cameroon). 
b) Dry-season grazing prepared by early burning off, on which ligneous plants which are not 
consumed are cut and browse plants lopped when they grow too high. These pastures could be 
improved by adding other palatable species, such as Leucaena leucocephala for its leaves, 
or Morus alba and Pithecellobium samam for their fruit. 
The absence of selective rhizobia could, however, impede the development of Leucaena, and 
these introduced species might well have to be protected against browsing for an initial period. 
Moreover, many browse species are invaders, such as Daniellia oliveri, a species which throws 
out suckers, or Psidium guajava (guava), which forms thickets on some pastures in Madagascar 
and Brazil following the spreading of seeds by livestock. Sometimes the disequilibrium between 
grasses and ligneous plants can lead to the invasion of species which are the forerunners of 
rain forest(Harungana madagascariensis in Ivory Coast, Cameroon and Central Africa). The 
shade provided then becomes so dense that all the grassland savanna species disappear and 
are often replaced by further ligneous forest species (e. g. Fagara spp.). The forest climax has 
thus become established and complete bush clearance for food crops is then the only feasible 
solution. 
This kind of bush clearance, felling ligneous plants and lighting fires, is practised in dense forest 
for rain fed rice cultivation, and it leads to a steady increase in derived savanna in the area, as 
the forest is gradually extinguished. In Brazil leys are sown as a catch crop amongst the rice, so 
that the forest extinction stage is circumvented. The browse species introduced may 
be Hyparrhenia rufa, Brachiaria decumbens, Brachiaria humidicola and Panicum 
maximum. These species use the soil well and every year the pasture can be cleared off and 
regenerated by burning, for 15 years on end. In tropical humid Africa Panicum maximum is the 
best known grass variety and Audru sensibly suggests combining it with browse hedges 
consisting of Leucaena, Morus and Pithecellobium. The animals would be able to use these for 
shelter as well as for leaves and fruit to supplement the nitrogen in their intake. 
Over and above these strictly pastoral schemes in humid tropical Africa, the possibilities for 
combining crop and livestock husbandry in this ecological zone should not be overlooked, 
especially since anti-erosion strategies are imperative to maintain the fertility of cultivated land. 
Anti-erosion belts, possibly using embankments, have to be covered in grass, and the edible 
grasses which can be used are many: Panicum maximum in clumps, Brachiaria spp. as solid 
cover and Cynodon plectostachyus (star grass) as a runner, while Pennisetum purpureum can 
be cut. 
These anti-erosion belts could feasibly be sown with a mixture of grass species, including some 
with an upright and others with a prostrate habit, forming turf. They could also be fringed with 
species of a more suffrutescent than ligneous nature, such as Cajanus cajan (pigeon pea). This 
pluriannual species grows very quickly within the period of a crop cycle and is resistant to 
browsing when the village herds enter the fields to consume crop residues and weeds. 
Conclusions 
From dry to humid tropical Africa the contribution of browse plants to animal feeds is a real one, 
especially in terms of nitrogen. Increasing the share of browse plants in animal intake implies a 
considerable effort on the part of herdsmen. They would have to: 
a) plant browse species (by drilling, planting and protecting young plants); 
b) maintain the necessary balance between the species present (by selective bush clearance); 
c) make the browse available to livestock (by beating down the fruit in the Sahel, by trimming 
and by cutting back). 
The improvement of forage supplies by increasing the contribution of ligneous plants implies 
gaining control of tsetse fly without excessive bush clearance, and it is a policy which should be 
especially advocated for unfertile land traditionally given over to extensive livestock production. 
The various domestic herbivores can be combined in these areas, so that they themselves 
contribute to the balance necessary between the grass and ligneous covers. The possible 
participation of wild animals might also be considered (giraffes and Derby elands in eastern 
Africa). The level of investment should, however, be related to the expected productivity, which 
is approximately 10 kg of live-weight per hectare per year in the Sahel, and 20 kg in the sub 
humid areas. 
For highly productive, fertile land browse plants need not be ruled out altogether, since they can 
be used for improving agricultural land, as browse hedges and anti-erosion stands. They should 
not, however, lead us to forget that in high-yield mixed farming systems the only crops likely to 
satisfy the needs of high-producing animals in terms of both quality and quantity are the 
herbage type feed crops (grasses and legumes) either as pure crops or in combination. 
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Agroforestry techniques for the conservation and 
improvement of oil fertility in arid and semi arid zones* 
H.N. Le Houérou 
1. Introduction 
Agroforestry can be defined as the use of forest trees on farmland and their integration within 
farming or agropastoral systems. It is an ancient technique for maintaining soil fertility in 
marginal environments and has been used for centuries in rural civilizations in various parts of 
the world. Agroforestry has recently been rediscovered by modern scientists and agronomists 
as an excellent tool for maintaining the long-term biological balance of agricultural and livestock 
production systems, especially, but not only, in the arid and semi-arid zones. Agroforestry has 
also been developed in montane areas and in the wet tropics. Some examples of agroforestry 
systems are: 
a) the cultivation of mulberry trees for silk production in the Far East and, later, in Europe; 
b) the Prosopis cineraria — millet agropastoral system in India (Rajasthan) and Pakistan (see 
Mann and Shankaranayan in the Proceedings of this Symposium); 
c) the Acacia albida — millet agropastoral system in West and eastern Africa (Senegal, Mali, 
Upper Volta, Niger, Nigeria, Ethiopia, Zambia and Malawi); 
d) the "Dehesa" agropastoral system of western and southwestern Spain (Estramadura); 
e) the olive grove agropastoral systems in the Mediterranean basin; 
f) the Prosopis tamarugo pastoral system in Chile; 
g) the Leucaena leucocephala agropastoral system in Central America, the Indo-pacific Islands 
and, later, in Africa (Malawi); 
h) the Mulga pastoral system of Australia; 
i) the Opuntia Ficus indica agropastoral systems in Mexico, then in the Mediterranean basin 
(Sicily, North Africa), Brazil, Madagascar and South Africa (Karoo); 
j) the Shea-butter trees (Yitellaria paradoxa) - sorghum system in the Sudanian zone of West 
Africa; 
k) the Neré (Parkia biglobosa)/sorghum system in the Sudanian zone of West Africa; 
l) the Borassuspalm - sorghum - groundnut system in the Sudanian and Guinean zones of West 
Africa; 
m) the various Baobab farming systems in numerous African countries; 
n) the Gum-Arabic (Acacia Senegal - sorghum bush fallow system in the Sudan; 
o) the Carob orchards of Cyprus and other Mediterranean countries. 
Most of these systems developed independently in differing types of environment under highly 
varied socio-economic conditions. They are therefore likely to be a rational response to the 
need for long-term sustained productivity in agricultural and agropastoral systems. The objective 
of this paper is to outline the scientific justifications for such systems. 
This is not the place, given the short time and space available, to review all these systems in 
detail; I shall therefore restrict myself to discussing those with which I am more familiar, and 
attempt to reach some general conclusions. 
2. The acacia albida agropastoral system in Africa 
Acacia albida is a forest tree widespread in the semi-arid and subhumid zones of tropical Africa 
from sea level up to about 1800 m2/. It occurs over a wide range of ecological conditions, mainly 
on deep, sandy, well-drained soils having a deep water table (2 to 3 m and more). This tree has 
a special biology in that, unlike most other tropical deciduous trees, it sheds its leaves during 
the rainy season and keeps them during the dry season, i.e. from October to June in the 
northern tropics. Acacia albida is protected and kept in millet fields in a number of peasant 
civilizations in Africa (among the Serere in Senegal, for instance). The density of trees is 10 to 
50 per ha, the adult trees are 10 to 20 m tall and 5 to 10 m in canopy diameter. Canopy cover is 
thus 2% to 40% of the ground area. Millet is cultivated under and between the trees; as light 
interception by tree canopy during the millet growing season is negligible, the shade factor has 
no influence on the crop grown under the trees. 
2/ Exceptionally 2300 m (in Jebel Mara, Sudan). 
The leaves of Acacia albida are shed at about the time when ploughing begins, so that to a 
large extent they are incorporated into the soil. It has been calculated that the leaves entering 
the soils are equivalent to fertilization of up to 50 tonnes of manure per ha/year in dense stands 
of 50 large trees/ha. However, the average figure is probably more like 10 tonnes/ha/year. The 
amount of organic matter in the upper layers of the soil is twice as high under Acacia as it is on 
open ground (Charreau and Vidal, 1965). The geobiogenous elements returned to the soil 
annually through the litter have been evaluated as shown in Table 1 (in kg per ha/year), with a 
population of 16 trees/ha covering 24% of the ground (Charreau and Vidal, 1965): 
Table 1. Geobiogenous elements returned to the soil from Acacia albida (kg/ha/year) 
Ca Mg K N P S 
120 25 13 75 12 20 
Overall microbiological activity is 2 to 5 times higher under Acacia (Jung, 1970). Mineralized 
nitrogen content is also 2 to 5 times higher, while phosphorus and other elements are also 
sharply increased (Charreau et Vidal, 1965; Jung 1970, Giffard, 1971; Dancette and Poulain, 
1969). As a result, millet production in the system is almost twice that obtained from purely 
open-land farming systems without fertilization, i.e. conditions such as those found in semi-arid 
West Africa (1000 to 1500 kg of grain/ha/year, as against 500-800 kg). 
In addition, the annual production of pods per tree averages 20 to 30 kg of DM, i.e. 400–600 
kg/ha/year, and has a feed value of 0.85–0.95 FU per kg, with 8–12% DP giving a theoretical 
stocking rate of 1.5–2.0 sheep or 0.15–0.20 head of cattle per ha from pods alone. Moreover, 
this is a concentrate feed enabling livestock to make optimal use of the mediocre, protein-
deficient roughage available during the dry season, such as millet and sorghum stubble and 
straw, which otherwise would be consumed in much lesser quantities and without much benefit 
for the animals. In the same areas of West Africa current stocking rates on natural pastures are 
about half the above figures (1 TLU/10 ha). 
Branches and foliage are lopped on a rotation system about once every 3 to 5 years and fed to 
livestock, which readily consume them. The wood from lopped branches is used for fences and 
fuel. The total economic output of the system for the farmer is probably about three times 
greater than in open-land millet cultivation. In addition, soil fertility is maintained and soil erosion 
is kept at a minimum, unlike in open-field conditions. 
This system is so successful that about a century ago Dina Djenne, Sultan of Zinder (Niger), 
issued a decree whereby whoever cut down an Acacia albida tree would be beheaded. Large-
scale plantations have been undertaken in several countries of the Sahel for the past decade. 
Similar results have been found in the Prosopis cineraria millet agropastoral system in 
Rajasthan (Mann and Sankhabarayan, 1980). Another well known case of agroforestry 
production systems in the dry tropics of Africa is the millet sorghum and Acacia 
Senegal long term rotation in the Sudan, also called gum-arabic bush fallow (Seif el Din, 1969). 
3. Fodder shrub plantations in the Mediterranean basin 
In order to stop range deterioration, erosion and desertification, large-scale planting 
programmes for fodder shrubs and trees have been undertaken over the past decade in several 
countries of the Mediterranean basin such as Iran, Syria and Tunisia. These plantations are 
used as dry-season feed reserves (particularly from August to November), providing roughage 
which is usually rich in protein. At the same time they are used for sand dune stabilization and 
the rehabilitation of desert encroachment areas. The main species used in large-scale 
plantations are the following: 
Salt bushes: Atriplex nummularia from Australia, A. halimus from the Mediterranean basin, A. 
canescens from northern America, A. lentiformis from northern America:, 
Acacia: Acacia cyanophylla, A. salicina, A. aneura, A. victoriae from Australia, A. raddiana from 
the Mediterranean basin, A. liguata from Australia. 
      Mesquites: Prosopis dulcis from N. America, P. chilensis from S. America. 
    Cactus: Opuntia ficus indica var. inermis from N. and S. America. 
    Saxaouls: Haloxylon persicum from Middle East, Iran, Russia; H. aphyllum from Russia. 
   Tree Medic: Medicago arborea. 
   Tree coronilla: Coronilla glauca. 
   Calligonums: Caligonum polugonoides from Iran, C. comosum from Libya, 
Tunisia, C. azel from Tunisia, C. arich from Tunisia. 
   Honey locust: Gleditschia triacanthos from N. America. 
Other species, both local and exotic, are under experimentation, and some are very promising. 
Those already available on a large scale make it possible to meet most of the ecological 
conditions in the arid and semi-arid zones of the Mediterranean basin. 
There is too little hard scientific information on the influence of these plantations on soil fertility. 
However, from qualitative field observations and from the few measurements carried out, it is 
obvious that productivity of the land is greatly increased (200 to 500% for successful 
plantations). Soil analyses in Tunisia show that in cactus plantations in the arid zones (rainfall of 
200 – 300 mm) the organic and nitrogen contents of soil under cactus are at least double those 
on open-land test plots (Monjauze and Le Houérou, 1965). 
In the Mediterranean basin additional agroforestry systems have been in use for centuries: olive 
groves, for instance, are often grazed and the leaves and twigs from pruning are fed to 
livestock. Production of browse per tree is 1020 kg, i.e. 200–2000 kg/ha/year, depending on tree 
density and size. As there are some 8 million ha of olive trees in the world today, overall forage 
production would be about 8 million tonnes/DM/year, the theoretical equivalent of the annual 
dietary needs of 15 million sheep. Again, there is little if any hard data on the output of this 
system, in which olive and livestock production are combined. This seems to me an interesting 
subject for research. 
4. The Dehesa 
An intensive research programme on the Dehesa system is under way in Spain. (Unfortunately 
preliminary reports from this programme were not available to me when preparing the present 
paper). 
The Dehesa is a parkland of oak trees consisting of mainly holm oak (Q. ilex s.l.), cork oak 
(Q. suber), with a density of 10–25 trees/ha. The land is periodically farmed for cereals (once in 
5–8 years) and used as grassland for the rest of the time. Due to this periodical cultivation there 
are few ligneous species. The acorns are harvested by pigs of the Iberian breed and the pasture 
is used by sheep as well. Over the last decade the system has been endangered by the spread 
of African swine -fever, which has not yet been curbed. The present aim is to convert the 
system to intensive sheep production, made possible by the introduction of sown subterranean 
clover pastures together with phosphate fertilization. 
5. Trees and grass 
Grass production under tree canopy in the Dehesa is usually much higher than on open land, 
again due to the greater organic content of the soil, which is fertilized by leaves and livestock 
droppings, resulting in a higher plane of nutrition for the animals raised. This is also the case for 
dry tropical African savanna, where natural grass production under the tree canopy is about two 
to three times higher than in the open, with a photosynthetic efficiency rate of up to 1.4%, as 
against 0.3% in the arid zone of Senegal (Bille, 1978) and 4.5 -1.0% in the semi-arid zone of 
Mali (Le Houérou, 1979). Potential evapotranspiration is reduced by 50–70% under shade and 
the grass remains green 4 to 6 weeks later in the early dry season (Pratchett, pers. comm.). 
However, this is not true everywhere. In Australia, for instance, it has been shown that the 
removal of trees (Eucalyptus spp., Malaleuca spp), considerably increases forage production in 
the grass layer. But this case may be an exception rather than the general rule, and may be 
linked to allelopathic or phytotoxicity phenomena. 
6. Methods of establishment and utilization 
The establishment and utilization methods for sylvoagropastoral systems vary, with a wide 
range of ecological, technical and socio-economic conditions between different countries and 
areas. 
The following three combinations are broadly typical: 
a) expensive labour combined with a high technical level of farmers or labourers; 
b) cheap labour combined with a low technical level of farmers, shepherds or labourers; 
c) expensive labour combined with a low technical level of farmers, shepherds or labourers. 
In the first case, most of the operations must be mechanized, i.e. direct sowing, with the harvest 
either mechanized or directly browsed by animals. However, not all the species mentioned can 
be established by mechanical means, for example those multiplied by vegetative propagation 
such as cacti. The collection of seeds, also usually requires hand labour. As a result, 
agroforestry techniques are rather expensive in developed countries and are for this reason not 
popular among farmers. 
In the second case the costs of establishment can be reckoned in terms of mechanized 
reafforestation techniques, i.e. growing of seedlings in nurseries and their manual 
transplantation in situ at the beginning of the rainy season. On the other hand, when 
management is traditional, direct utilization by browsing is very hazardous, as there is always a 
danger that overbrowsing will occur, destroying the plantation. In this case, since labour is 
cheap, a zero-grazing technique (cut-and-carry) should be used. 
The third case is the most complex and occurs mainly in oil-rich countries. The methods used 
may be a combination of cases (a) and (b). Plantations are established at very high cost, but the 
price of local animal products is so high that agroforestry techniques are still viable. A typical 
combination might be direct mechanical sowing, followed by utilization through zero grazing; or, 
alternatively, hand planting of seedlings and direct grazing by livestock. 
7. Conclusion 
I have attempted in this paper to draw the attention of the participants in this symposium to a 
few successful examples of agroforestry in various countries having a variety of ecological and 
socio-economic conditions. It is clear that in many areas of the world there exist well balanced, 
agropastoral systems geared to sustained production in the long term, and which have survived 
for centuries through all kinds of vicissitudes. 
Let us think twice before rejecting or destroying them. Our experience of mechanized agriculture 
has been a very short-term affair by comparison. The cost in energy of producing 1 calorie of 
food is skyrocketing (Speddling and Walsingham, 1978). The point of breakdown may be nearer 
than we think. We should therefore develop alternative strategies, and agro-forestry is one of 
these. The National Research Council of the National Academy of Science of the USA is 
already making efforts along these lines. Several publications have been devoted to this subject 
in recent years, and more are in preparation. In addition, a new international research institute 
has recently been set up in Nairobi: the International Centre for Agro-forestry (ICRAF). 
Development of agropastoral production systems is, indeed, an old approach to new problems 
or, as Democrites put it 2500 years ago, "the fruit of casuality and need". 
References 
Instit. Nac. de Invest. Agr. (1979). 'Resumen de trabajos sobre mejoras de la Dehesa 
extremana – l'. Estudios besicos. Instit. Nac. de Invest. Agr. Cap de Ahorros y Monte de Piedad 
de Carceres. 
Charreau, C. Nicou R. (1971). 'L'ámelioration du profil culturel dans les sols sableux et sable 
argileux de la zone tropicale séche ouest africaine et ses incidences agronomiques'. Agron. 
Trop. 26, 209–255, 531–565, 903-978, 1183–1347. 
Charreau, C. Vidal P. (1965). 'Influence de l' Acacia albida sur le sol. Nutrition minérale et les 
rendements des mils Pennisetum au Sénégal'. Agron. Trop., 67. 
Dancette, C., Poulain J.F., (1969). 'Influence d'Acacia albida sur les facteurs pédoclimatiques et 
les rendements des cultures'. Sols Africains, XIV, 182, 143–184. 
Giffard, P.L. (1965). 'Les possibilités de reboisement en Acacia albida au Sénégal'. Rev. Bois 
For. Trop. 95, 21–33. 
Giffard, P.L. (1971).'Recherches complémentaires sur Acacia albida Del'. Rev. Bois For. Trop., 
135, 3–20. 
Jung, G. (1970). 'Variations saisonniéres des caractéristiques microbilogiques d'un sol 
ferrugineux tropical peu lessivé (DIOR) soumis ou non à l'influénce 
d'Acacia albida Del'. Oecol. Plant, V, 113–136. 
Lebrun, J. (1968). 'A propos du rythem vegetatif d'Acacia albida del'. Collect. Bot., VII, 11, 625–
636. 
Mann, H.S., Shankarnaryan K.A., (1980).'The role of Prosopis cineraria in agropastoral systems 
in Western Rajasthan'. Intern. Symp. on browse in Africa, 1980 International Livestock Centre 
for Africa, Addis Ababa. 
Portères, R. (1957). 'Un arbre vivant à contre saison en Afrique soudano-
zambézienne (Faidherbia albida)'. Sci. Nat. 19, 19–24. 
Radwanaki, S.A., Wickens G.E. (1967). 'The ecology of Acacia on mantle soils, in Zalingel, 
Jebel Marra, Sudan'. J. Appl. Ecol. 4, 569–579. 
Ross, J.H. (1966). 'Acacia albida Del. in Africa'. Bot. Soc. Brot. XL, 187–205. 
Speedding, C.R.W. Walsingham J.M. (1978). 'Energy and the future of agriculture'. New 
Zealand Agric. Sci., 12, (3): 76–80. 
Seif el Din, A.G. (1969). 'The natural regeneration of Acacia senegal'. MSc. thesis, Sudan Univ. 
of Khartoum. 
Schoch P.G. (1966). 'Influence sur l' évaporation potentielle d'une strate arborée au sénégal et 
conséquences agronomiques'. Agron. Trop., 21, 11, 1283–1390. 
Trochain J.L. (1969). 'Le rythme biologique aberrant de Faidherbia albida (Mimosaceae)'. Trav. 
Lab. Bot. et Biogerogr. Faculté des Sciences, Toulouse, 6, 3, 7–13. 
Vassal J. (1967). 'La plantule d'Acacia albida Del (Faidherbia albida) Del. A. Chev.)'. Bull. Soc. 
Sci. Nat. Toulouse, 103, 3–4, 583–589. 
Wickens G.E. (1969). 'A study of Acacia albida Del. (Mimosoideae)'.Kew Bull., 23, 181–202. 
  
The role of prosopis cineraria in an agropastoral system in 
western Rajasthan* 
H.S. Mann and K.A. Shankarnarayan 
Central Arid Zone Research Institute, Jodhpur 
Prosopis cineraria (Khejri) is a ubiquitous tree in the vast alluvial plains of Western Rajasthan 
and constitutes the principal component of the Desert Thom Forest (Champion, 1936). Although 
it has a wide ecological amplitude, its optimum density (150-200 per ha) and vigour is found in 
the districts of Sikar, Churu and Nagaur (300-400 mm rainfall). Its density decreases on both 
sides of this rainfall zone. Prosopis cineraria is found on soil types ranging from sandy loam to 
clay loam and flat plains to sand dunes. 
The very fact that P. cineraria occurs and is encouraged by farmers to grow in all cultivated 
fields and village grazing grounds shows that its usefulness has been generally accepted by the 
farmers who have a strong conviction, based on generations of experience and observations, 
that vegetative growth under P. cineraria is better than in other areas under the same 
management conditions. The tree yields brushwood for fencing, top feed for cattle and timber 
for household and food from the fruits during famine years to tide over scarcity periods. For 
these reasons P. cineraria (Khejri) is known as Kalpa Vraksha and is not only protected every 
where but is also worshipped as a deity (Kailash Singh, 1960). 
Influence on soil fertility conditions 
In order to study the scientific reasons why crop growth under Khejri is better than the adjoining 
open areas, Singh and Lal (1969) investigated the profile characteristics, including levels of 
fertility, under both Prosopis cineraria and Acacia nilotica and compared them with those of 
open field conditions. They attributed the better crop growth under P. cineraria to higher organic 
matter status, total nitrogen, available O2O5, soluble calcium and lowest pH values (Table 1). 
The calcium carbonate content is sufficiently low in soils under P. cineraria as compared to 
open field soils. The soluble calcium (CaO) increased up to the fourth sampling depth in open 
fields. The combined values of CaCO3 and CaO are maximum in P. cineraria. Again, although 
the O2O5 content generally decreased with increasing depth in both cases, the volume of the 
O2O5 content was greater under Prosopis than in the open. However only K2O was higher in 
open field soils compared with P. cineraria. 
Table 1. Mechanical and chemical composition of soils (expressed as percentage on oven dry 
basis). 
Profile 
and 
Sample 
No. 
Depth 
in cm 
Mechanical 
Analysis 
Ph 
1:2.5 
ratio 
CaCO3 Organic 
Carbon 
Total 
nitrogen 
Available 
P2O5gm/100 
g 
Available 
K2O gm/ 
100 gm 
Analysis of 
sesquioxides 
CaO HC1 extract. 
    Sand Silt Clay                 Mgo P2O5 K2O 
Khejari 1   0-30 85.1 5.4   8.3 7.3 1.0 0.370 0.045 3.82 12.20 3.40 0.565 0.262 0.101 0.420 
profile 
(1) 
2  31-
60 
83.2 6.0   9.3 7.5 1.5 0.110 0.020 1.95   9.31 3.55 0.705 0.458 0.076 0.407 
  3  61-
90 
78.7 6.5 12.8 7.7 1.8 0.089 0.015 0.95   8.25 5.15 0.745 0.684 0.067 0.382 
  4  91-
120 
73.2 8.1 16.2 7.9 3.0 0.053 0.009 1.13   7.21 3.86 0.865 0.668 0.061 0.381 
  5 121-
50 
81.4 7.0 10.5 7.2 2.0 0.042 0.008 0.82   6.94 4.80 0.645 0.442 0.054 0.334 
  6 151-
180 
82.1 6.0 10.0 7.3 2.0 0.037 0.007 0.52   7.87 4.76 0.585 0.448 0.063 0.305 
Kejari 1    0-
30 
82.9 6.4   8.4 7.4 1.0 0.390 0.044 3.56 13.56 3.65 0.555 0.305 0.107 0.382 
profile 
(2) 
2  31-
60 
71.1 9.8 11.6 7.8 1.0 0.134 0.018 1.68 10.82 3.89 0.629 0.478 0.083 0.351 
  3  61-
90 
74.4 10.3 13.3 8.0 1.5 0.090 0.012 1.12   8.76 5.52 0.795 0.633 0.065 0.315 
  4  91-
120 
71.6 8.4 16.2 8.0 2.0. 0.072 0.009 0.86   6.68 5.09 8.808 0.425 0.062 0.329 
  5 121-
150 
75.3 10.5 12.4 7.8 1.5 0.063 0.009 1.03   6.35 5.13 0.6.3 0.402 0.059 0.335 
  6 151-
180 
80.4 7.8   9.8 7.8 1.5 0.054 0.008 0.72   5.98 5.15 0.598 0.219 0.072 0.238 
Open 1    0-
30 
83.7 3.4   9.6 8.6 2.0 0.255 0.038 1.52   7.52 3.75 0.560 0.527 0.097 0.487 
field 2  31-
60 
82.3 5.4 11.0 8.8 3.0 0.045 0.010 1.23   6.36 3.40 0.965 0.592 0.053 0.476 
profile 
(1) 
3  61-
90 
76.8 6.8 14.2 8.6 2.5 0.049 0.008 0.82   6.02 5.85 0.895 0.646 0.048 0.471 
  4  91-
120 
82.4 6.0 10.4 7.8 2.0 0.042 0.008 0:82   5.72 6.00 0.795 0.326 0.046 0.423 
  5 121-
150 
85.1 5.8   7.2 7.6 1.5 0.021 0.007 0.62   4.80 4.73 0.680 0.308 0.051 0.381 
  6 151-
180 
84.5 6.3   7.9 7.6 1.5 0.028 0.007 0.62   5.21 3.72 0.597 0.338 0.049 0.392 
Source: K.S. Singh and P. Lal 1969, Annals of Arid Zone, 8: pp 33–36. 
With regard to mechanical composition of soils, it will be seen that the sand percentage 
decreases and silt + clay increases up to the depth of 120 cm in P. cineraria and at subsequent 
depths the trend is reversed, while in open fields there is a regular decrease in sand and 
increase in silt + clay up to 90 cm depth, below which the trends are not consistent. 
These results suggest that the leaching is comparatively higher under P. cineraria trees which 
resulted in the transference of silt + clay to the lower depths in these profiles, whereas in open 
field conditions, the movement of silt + clay is restricted up to the depth of 90 cm. 
The lower pH value of soils under Prosopis according to Singh and Lal (1969) was attributed to 
the presence of a higher content of organic matter, soluble calcium and comparatively lower 
content of CaCO3. 
The higher accumulation of organic matter under Prosopis was obviously due to the vigorous 
growth of vegetation which in turn left behind more organic matter in the form of dead roots and 
leaf litter. This also explains the higher content of total nitrogen and available P2O5 ,and K2O 
under Prosopis. 
Soil fertility studies under fourteen-year-old tree communities of P. cineraria, P. juliflora and bare 
sites, indicated (Tables 2 and 3) that there was an overall improvement in the soil organic 
matter, total nitrogen, total P2O5 and available macro and micro-nutrients under the P. 
cineraria community compared with P. juliflora on bare sites. 
Table 2. Soil chemical characteristics under tree communities and bare fields. 
Tree community pH % O. M. % N %P2O5 
  0-
15 
cm 
15-30 
cm 
0-15 
cm 
15-0 
cm 
0-15 
cm 
15-30 
cm 
0-15 
cm 
15-30 
cm 
Prosopis Cineraria 8.0 8.1 0.57 0.29 0.042 0.026 0.425 0.375 
Prosopis Juliflora 8.2 8.4 0.38 0.31 0.033 0.029 0.287 0.225 
Bare site 8.1 8.3 0.37 0.21 0.020 0.020 0.287 0.350 
Source: R.K. Aggarwal et al (1976) Indian Forester 102, No. 12, pp 863–872. 
  
Table 3. Available macro and micro nutrient contents in soils under different tree plantations. 
Tree 
species 
Macro-nutrient (kg/ha) Micro-nutrient (ppm) 
  N P K Zn Mn Cu Fe 
  0-
15 
cm 
15-30 
cm 
0-
15 
cm 
15-
30 
cm 
0-
15 
cm 
15-
30 
cm 
0-
15 
cm 
15-
30 
cm 
0-
15 
cm 
15-
30 
cm 
0-
15 
cm 
15-
30 
cm 
0-
15 
cm 
15-
30 
cm 
Prosopis 
juliflora 
250 212 10.3 4.5 409 258 0.48 1.30 7.5 11.2 0.50 0.67 2.6 4.0 
Prosopis 
cineraria 
250 193 22.4 10.3 633 325 0.60 2.28 10.0 11.7 0.50 1.28 3.3 2.4 
Control 
site 
203 196 7.7 4.0 370 235 0.30 0.08 6.9 8.1 0.26 0.50 3.0 4.0 
Source: R.K. Aggarwal et al (1976) Indian Forester 102, No. 12. pp. 836-872. 
The data (Table 3) on DTPA extractable micro-nutrients for 0–15 cm and 15–30 cm depths 
indicated that available Zn, Mn, Cu and Fe contents vary from 0.08 to 2.28 ppm, 6.9 to 11.7 
ppm, 0.26 to 1.28 ppm and 2.4 to 4.8 ppm respectively. Available Mn and Cu contents were 
highest in both the soil depths under P. cineraria while the Fe content was highest in the 0–15 
cm soil depth and the Zn content in the 15–30 cm soil depth. 
Aggarwal et al (1975) concluded that in general the growth of tree plantations and P. cineraria in 
particular, improved the available micro-nutrient status of the soil. 
This view is further supported by studies conducted by Aggarwal et al (1976) on soil physico-
chemical changes under twelve-year-old tree plantations in Western Rajasthan. Results 
(Figures 1, 2 and 3) show that organic matter, total nitrogen and P2O5 was highest in Prosopis 
cineraria at 0-15 cm depth compared with other tree species and bare sites. This is also 
reflected in the highest number of herbaceous plant species/m2, mean plant density/m2 and 
mean ground phytomass (Table 4). 
Table 4. Plant density, number of species and above-ground phytomass 
Ser. 
No. 
Tree species Mean no. of 
species/m2 
Mean plant 
density/m2 
  
1. Acacia senegal   8.6 1.8 313.2   48.8 285.7 
2. Albizzia lebbeck   8.9 1.4 344.8   55.6 229.2 
3. Prosopis cineraria 11.4 3.5 476.8 136.4 402.9 
4. P. juliflora   5.9 1.5  136.0   21.6 251.9 
5. Tecomella undulata 10.6 3.4 379.6   96.4 273.5 
  SEm ±   0.78 0.38   30.72   14.52   38.0 
  C.D. at 5%   2.22 1.08   87.84   41.16   99.66 
            (at 10% level) 
Source: R.K. Aggarwal et al (1976). Indian Forester, 102, No. 12, pp. 863-87. 
 
Figure 1. Depth-wise distribution of soil organic matter under different tree plantations 
 
Figure 2 . Depth-wise distribution of total soil N under different tree plantations. 
 Figure 3. Depth-wise distribution of total Soil P2O5 under different tree plantations. 
Nodulation pattern 
Basak and Goyal (1975) conducted in vitro nodulation studies of the native rhizobia on P. 
cineraria and P. juliflora present in the soils of the IARI Farm, Delhi. Their results showed that 
number of nodules/plant were higher on the lateral roots than on tap roots. The pattern and 
extent of nodulation was the same on both the tree species. It was further reported that the 
rhizobia from these legumes were akin to those of the cowpea group. 
The microbial population in terms of bacteria and actinomycetes was higher in surface soils 
of P. cineraria in comparison to soils of bare sites. 
Soil moisture regime under p. Cineraria 
In view of its deep root system extending to more than 10 m, the fluctuations of the upper soil 
moisture have hardly any influence on the internal moisture balance of Prosopis cineraria and 
obviously the water balance of the upper soils is largely regulated by the evapotranspiration of 
the shallow-rooted herbaceous ground cover (Lahiri, 1965). 
Comparative study on the soil moisture status in the 120 cm soil profile of different tree 
communities indicated that the moisture regime remained generally high under P. 
cineraria and Tecomella undulata compared with other species like P. juliflora, 
Albizzia lebbek and Acacia senegal. The soil moisture ranged from 27 to 50 mm during the 
rainless period from November to June and 115 to 140 mm during July to September under P. 
cineraria. 
The interrelationship between soil moisture and growth of grass cover in a natural community 
of Prosopis cineraria trees at Jodhpur was measured under field conditions (Lahiri, 1965). 
Figure 4 shows the status of soil moisture up to the depth of 200 cm for the period May to 
October 1963. It may be observed that the fluctuations in soil moisture due to showers during 
this period were primarily restricted to about 50 cm depth from the surface. At these depths, soil 
moisture was below 1% from May to the middle of July. In general, moisture content varied from 
1 to 2% between depths of 50 to 150 cm. Above 150 cm depth the moisture level was above 
2%. Moisture content above 30% was observed only in small pockets around 175–200 cm 
depth with indications of higher soil moisture at greater depths. 
 
Figure 4. Chrono-isoplets indicating the soil moisture status during the period between May to 
October, 1963. 
The chrono-isoplets of soil moisture during the dry period from November 1963 to June 1964 
(Figure 5) indicated that the moisture content, except during sporadic showers, hardly ever 
exceeded 2% up to the depth of 125 cm. These data on soil moisture regimes suggest that the 
plants with limited root growth can only grow during the short rainy season, the wilting point of 
this soil being about 2 to 2.5%. 
 Figure 5. Chrono-isoplets indicating the soil moisture status during the dry period extending 
from November, 1963 to June, 1964. 
Effect of P. Cineraria on the productivity of range grasses 
The experimental evidence relating to grass yields as affected by P. cineraria was reported by 
Shankar et al (1976). The dry matter yields of range grasses under Prosopis was found to be 
2.3 t/ha as against 1.66, 1.32, 0.85 and 0.78 t/ha under Tecomella undulata, Albizzia lebbek, 
Prosopis juliflora and Acacia senegal respectively. A marked improvement in botanical 
composition and vigour of major grasses under Prosopis was observed. The sown Cenchrus 
ciliaris pastures showed gradual and significant differences in plant height, tussock diameter 
and forage yields as the distance fromProsopis trees increased. 
Yields of leaf fodder and its chemical composition 
As already mentioned, Prosopis cineraria is an important source of top feed during lean months 
from December to June. A moderate sized tree yields about 45 kg of dry leaf fodder locally 
known as 'loong'. Table 5 (Institute of Agriculture, Arond, Guyarat, 1960) indicated that the 
nutritional status of the leaves was most favourable in the winter season when the trees were 
generally lopped. 
Table 5. Percentage nutrient contents in Prosopis cineraria in different seasons 
Nutritional constituents Time of the year 
  Monsoon Winter Summer 
Crude protein 14.34 17.49 15.38 
Ether extract   4.26   4.23   4.46 
Nitrogen-free extract 52.57 54.04 56.76 
Crude fibre 18.61 14.41 13.04 
Phosphorus   0.18   0.16   0.18 
Calcium   1.94   2.00   1.92 
Source: Progress Report of the Indian Council of Agricultural Research for Western Regional 
Animal Nutrition Centre (1960). Institute of Agriculture, Anand, Gujarat. 
Concluding remarks 
From the foregoing, it may be concluded that improvement of crop or plant growth under this 
tree can be attributed to the combined actions of a number of factors. Its favourable influence is 
clearly discernible in pearl-millet fields in sandy plains where Prosopis trees are found in 
abundance. However, quantified data on the yields of pearl millet under Prosopis are lacking 
and there is a need for obtaining systematic data in this regard. The effect of Prosopis on the 
forage yields of range grasses is, however, comprehensive enough. Soil moisture being a 
serious limitation, its subtle improvement below this tree may be considered as a direct cause 
for vigorous crop growth and yield increase. The stem flow enrichment of soil moisture and the 
non-exploitation of surface moisture by Prosopis which inherently has a profuse deep root 
system, encourages luxuriant growth of vegetation which obviously contributes towards organic 
matter build-up and fertility improvement below the tree over time as is amply borne out by soil 
analysis data. The shade effects coupled with microbial influence may perhaps hasten fertility 
build-up and minimise losses, particularly soil nitrogen. Apart from conferring such beneficial 
effects on soil moisture, and fertility build-up, the leaf fodder from this tree, which is very 
nutritious, is available for the sustenance of livestock at a period when no green grass is 
available for grazing. Although the important role of Prosopis cineraria in farm forestry systems 
is well recognized, there is a need for quantified data on the input/output from this system in 
order to draw up an overall balance sheet. 
Summary 
Prosopis cineraria is an ubiquitous tree in the sandy plains of Western Rajasthan. Investigations 
of the causes of better crop growth under this tree revealed that this is apparently due to higher 
organic matter status, total nitrogen, available P2O5 and soluble calcium and low pH values. The 
sand content decreases and silt + clay increases up to 120 cm depth. The micronutrient status 
generally increases. The moisture status under Prosopis remains generally high and this is 
perhaps attributable to the stem flow from these trees. While the fluctuation in soil moisture was 
restricted to 50 cm depth, it varied from 1 to 2% at 50 to 150 cm. 
The dry matter yield of range grasses under Prosopis was highest, 2.3 t/ha compared with other 
trees. Apart from augmenting the fertility status and soil moisture which result in better growth of 
crops and vegetation, the leaves of Prosopis constitute a valuable nutritious fodder which 
becomes available at a period when no green grass is available for grazing. 
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Introduction 
Commiphora africana is a small Sahelian tree, not exceeding five metres in height. With its 
dreary appearance— it looks half-dead during the dry season— it hardly creates a favourable 
impression. Until now it has hardly attracted any attention from range scientists, being classed 
amongst the rejects. However, in some areas herdsmen are familiar with this plant and value it 
on several scores, but particularly as a browse tree. The aim of this short paper is to consider 
some of the uses of this member of the Burseraceae family, to which so many aromatic species 
belong. 
Range and habitat 
Commiphora africana occupies a range which is typical of the southern Sahel in northern 
tropical Africa, but which also extends at a right angle, southwards into eastern Africa and down 
to South Africa. North of the equator the range coincides with the southern edge of the Sahel 
zone. Starting in Mauritania and Senegal (Ferlo), it crosses Mali south of the loop of the Niger, 
passes through Upper Volta, then through Niger where it widens out on both sides of the 
Nigerian frontier, reaches Lake Chad and crosses the Chad level with the 14 and 15th parallels; 
it then enters the Sudan (Darfur, Kordofan), followed by Ethiopia and Eritrea, and finally 
Somalia, before curving southwards through Kenya and Uganda. Commiphora africana is rare 
in Tanzania, but becomes abundant again in Mozambique, Rhodesia and south-west Africa. 
In its favourite habitat, i.e. on sandy soils, it forms pure stands three or four metres in height, 
meriting consideration as a plant association in the proper sense. Stands of this kind have been 
indicated by Aubréville, particularly in Niger, between Gangara and Aberbissinat, or between In 
Gall and Tahoua, and also by one of the present authors (Jean-Charles Clanet), in a strip 
bounded by the two meridians passing through Mainé Soroa in Niger and Moussoro in Chad, 
and by latitudes 13 ° and 16° north. The main features of this strip are the Kadzel district, the 
valley of the Dillia, the erg of Belaberim in Niger, and the three adjacent ergs of Manga, Liloa 
and Chichati in Chad. Another stand has been indicated by Hibert Gillet further to the east, in 
Chad, near the Fama Wadi, north of Biltine (15 ° 30). 
In addition to this preferred habitat, the tree grows freely on rocky or stony escarpments (e.g. 
Aïr. Ouaddaï and Ennedi). It may occasionally be met with in pockets outside its Sahel range, 
where it may have been introduced by animals, since the kernels of the small drupes are not 
broken down by the digestive juices. Pockets such as these are found on the Mossi plateau in 
Upper Volta and in Togo, near Lomé. Although practically pure in its preferred environment, it 
mixes with other species on either side of this narrow strip, for example with Acacia raddiana to 
the north and withCombretum glutinosum to the south. 
Brief botanical description 
Commiphora africana may be recognized unmistakably from a distance by its characteristic 
outline — it has a spherical top and a short trunk with low branches — and by its bent, 
misshapen main branches giving rise to short, straight secondaries which are lignified and 
shaped like elongated thorns. The bark is lustrous while the foliage is being renewed, but dull 
during periods of non-growth, and as in many species of the Burseraceae family it sheds as a 
membranous peel. It has a creeping root system which spreads several metres round the tree. 
Unlike the primary branches, the main roots are straight but not uniformly lignified. If they are 
laid bare by wind erosion of the surrounding soil, they become sculptured by the wind, the softer 
part being worn away while the harder part stands out in relief. 
The colour of the foliage is unlike any other in the Sahel. The upper surface of the leaves is a 
waxy gray-green, while the lower surface is lighter in colour. The leaves are made up of three 
folioles, cuneate at the base and unevenly serrated with a slightly longer median (up to 4 cm 
long × 2.5 cm wide). The leaflets are lightly pubescent on the upper side, especially when 
young, but more densely coated on the underside. This covering of soft, short hair makes them 
soft to the touch. When bruised the leaves are aromatic. 
The flowers are discrete (6 mm), occurring in groups of about 10 growing in small auxiliary 
clusters. That the four petals will be red may be seen when the flower is still in bud, since it is 
poorly concealed by the four sepals. When open the flower reveals eight stamens arranged in 
two rows of four, uneven in height. Many flowers abort, and the fruit consists of reddish-coloured 
drupes 17 to 18 mm across, containing a white kernel and a resinous pulp. 
Phenology 
Commiphora africana is a true humidity detector. It is sensitive to the very first breath of the 
humid wind from the sea, or in other words as soon as the prevailing northeasterly changes so 
that the wind blows from the opposite direction, its leaf buds expand and in a few days send out 
young leaves. The Commiphora is the first tree to come into leaf and the leaves are nice and 
tender, so that the full significance of this early return to greenery, after a long dry season in 
which livestock have been deprived of fresh foliage, can be appreciated. Every year 
the Commiphora's return to the green stage is an event awaited with great impatience by the 
herdsmen, who immediately drive their hungry herds towards this hoped-for source of food. 
The leaves then spread out and the tree remains astonishingly green throughout the rainy 
season. Of all the trees of the Sahel, the Commiphora and the Salvadora persica are the ones 
with the most tender foliage, and for this reason as well as others it is greatly appreciated by 
camels, who can easily reach the leaves, as also can goats. 
However, the leaves are only able to survive in moist air: they are very sensitive to drought and 
dry out as soon as the season of continuous rainfall is over. At this time the Commiphora turns a 
beautiful golden colour, just like the yellow shades of autumn leaves in temperate countries (e.g. 
the oak or the chestnut). The leaves then fall. The leafy phase is thus synchronous with the 
rainy season. In his thesis, Poupon notes that in 1972 at Fété Olé (with only 38 mm of rainfall, 
as against an average of over 300 mm), the duration of the leafy phase was extremely short and 
the tree came into leaf a second time at the beginning of October, when rain fell again. 
Somewhat later in the dry season (from October to January, according to the year and habitat), 
the small flowers appear. Flowering, and to an even greater extent fruiting, does not occur 
regularly every year. The growth cycle of Commiphora is that of a Sudanian tree adapted to a 
Sahelian climate. Its foliage shows none of the features associated with adaptation to xeric 
conditions. Nonetheless, the tree has to withstand the long dry season, which may last nine or 
even eleven months as it did in 1973. It protects itself by disfiguring its primary branches and by 
lignifying its secondaries at an early stage so that these become perennial, hard and 
morphologically thorn-like. The bark thickens and the root system spreads itself out as far as 
possible. 
Herdsmen, acute observers as they are, have for a long time observed this curious tree, in 
which the foliation biology has remained that of a humid tree although its habitat has become 
dry. Over the centuries a pastoral way of life making generous use of the Commiphora has 
evolved. This way of life deserves closer examination. 
Commiphora africana as a stabilizing element in pastoral migration 
patterns 
The inhabitants of the sub-Sahara, who derive a living from the various natural environments of 
the Sahel by using livestock, primarily camels, cattle, and goats, lead agropastoral lives of a 
wide variety of different shades and combinations. These range from a completely sedentary 
life, which is rare outside the towns, to a life of permanent migration. The latter is a necessary 
response to the constraints inherent to desert and subdesert environments. However, when 
they can be used, stands of Commiphora africana help to reduce the movements of nomadic 
herdsmen by supplying them with green browse at the most critical period of the dry season. 
Unfortunately, water shortages force the herdsmen to migrate even when plant formations in 
which Commiphora africana dominate are present. 
Thus, for example, in eastern Chad and western Sudan, where Commiphora africana is 
abundant, available water resources rapidly dry up after four or five months of the dry season. 
Camel herdsmen are compelled to follow the classic form of nomadism proper to the 
"endodromic" areas found at this latitude. After a prolonged stay on the dry-season rangelands 
they become increasingly mobile, migrating in two opposite directions in order to draw in the 
plant resources of the two neighbouring zones. The first is a southward migration towards the 
outlying green pastures of the Soudano-Sahelian areas, while the second, which takes place in 
the middle of the rainy season, has the achebes of the Sahara as its destination. 
In some areas which are privileged in terms of water resources, where the drop in the water 
level is minimum, the nomads are able to use local supplies of Commiphora africana as end of 
dry season browse, thereby enabling them to miss out a stage along their migratory route which 
is a sensitive one owing to the ever more densely woven fabric of sedentary fields through 
which they must weave their way, meeting frequent opposition. As may be seen, the opportunity 
of using Commiphora africana sets up a special type of "endodromia", the importance and 
special characteristics of which deserve to be emphasized. 
Pastoral utilization of Commiphora africana stands 
The Toubous, Dazas and Arabs who inhabit the area defined in paragraph 2 manage to make 
the best of the grazing available to them. For these peoples, formations of Commiphora 
africanarepresent not merely a providential browse resource to be used only at a clearly defined 
moment of the season, but also determine all camel and goat movements before the onset of 
the rainy season. 
In the ergs north of Lake Chad, and on the sandy slopes ending in the tableland which stretches 
from Koutous to the Niger, water is never very far from the surface. In the depressions and 
basins between dunes the traditional wells reach water at between three and eight metres. Thus 
the bridging period between dry feed supplies and the new green shoots following the first rains 
is not further complicated by the problem of finding water. However, in the area described the 
bridging period may sometimes be reduced by more than a month and a half thanks to the early 
appearance of the leaves of Commiphora africana. For the local herdsmen this event marks the 
onset of the period of dry tornadoes which the Toubous call "Archat" and the Arabs "Richach". It 
corresponds to the change in the direction of the wind which precedes the rains. This short 
intermediate season ends with the first showers. 
During this period, which may last from mid-May to July, the camel and goat herds are led down 
to the basins, the steep sides of which are covered with Commiphora Africana, which the 
Toubous call "digi" and the Arabs "gafal". To some extent it is an example of genuine 
transhumance, representing a point in the annual migration pattern which the pastoralists await 
with a great deal of anticipation, similar to the time at which European farmers send their 
animals up to the high alpine pastures. The local terminology is significant in this respect: "goni 
digou dertété", it is the time for taking the camels to browse on the "digi". The appearance of 
new leaves on Commiphora africana thus marks a precise moment for the society, and a happy 
one as well since it is the prelude to the joys of the rainy season. Similarly, the Arabs decide to 
"Nensara elbil fil gafal", i.e. to go and herd their camels "over" the "gafal". The particular 
importance of this feed supply at the end of the dry season will only be fully understood if it is 
borne in mind that the other herdsmen of the Sahel in these latitudes, who are less favoured by 
local conditions, have to make do with dried straw and stunted shrubs which are severely 
overgrazed and eroded by trampling as well as partly destroyed by bush fires. All this comes at 
a time when the animals, weakened by seven months of the dry season, are suffering from heat 
and exhaustion owing to the increasing distances they must travel in the search for food. 
Advantages of Commiphora africana 
The Toubous and the Arabs claim that with Commiphora africana the animals make up the flesh 
which they have lost during the dry months, and that they are subsequently in a better position 
to profit from the Sahara pastures to which they return in the rainy season. The Daza camel 
men also say that when the leaves appear very early they are relieved of the additional burden 
of taking the animals fed on them to the natron wells on a salt cure (in June 1974 the only 
female camel in our caravan gave more milk after browsing for three days on Commiphora 
africana at Téfidinga, near the frontier between Niger and Chad). To these nutritive and diuretic 
qualities may be added other advantages in using this type of browse, and the herdsmen are 
inexhaustible on the subject. 
The density of Commiphora africana stands mean that the animals hardly have to move to 
obtain their feed ration. When their appetites are satisfied they can lie down to ruminate under 
the shade of the trees, which, although limited, is valuable in these areas during the sultry 
months. A further advantage is the fact that the trees are concentrated, thereby preventing the 
camels, which are always very difficult to supervise at this time of year and are thus easily 
rustled 1, from wandering too far, since as soon as they scent the first smell of distant rain they 
head straight towards it, often covering twenty or thirty kilometres before stopping. Fetching 
them requires extensive journeys. Finally, "digi" grazings avoid the need for southward 
migration, thereby keeping the animals away from mosquitoes and flies, and thus from the 
diseases for which these insects act as vectors. Again from the point of view of disease 
prevention, the fact that each basin contains a single isolated colony ofCommiphora 
africana prevents the joint utilization of this shrub land grazing by herds from other localities, 
each depression harbouring no more than one or two families of nomads with their livestock. 
1 This may sound ludicrous, until it is remembered that 50% of court cases still consist of 
livestock thefts. 
At this point it is appropriate to undertake a bromatological enquiry in an attempt to gain a better 
understanding of the yearly quest for digi grazing. 
Feed value 
The leaves and fruit of Commiphora africana have been analysed at the Laboratoire de Nutrition 
of the Institut d'Elevage et de Médecine Vétérinaire des Pays Tropicaux (IEMVT). The results 
are as follows: 
  Young leaves Fruit 
Dry matter (DM)   91.70 85.50 
Crude protein (CP)   14.25   8.40 
Cellulose   12.90 21.50 
Fat content     2.47 21.50 
Mineral content 939   7.00 
Ca    0.98   0.88 
P    0.18   0.16 
Mg    0.48   0.39 
K    2.47   1.95 
Ca/P    4.45   5.57 
Ca/Mg    2.94   2.25 
In terms of the CP content of its leaves, Commiphora africana occupies a halfway position in the 
list of trees, but it should be taken into account that its 14% CP is available at a time when CP 
resources generally are extremely low. Commiphora foliage also provides an appreciable 
mineral content, but like most Sahel trees it suffers from a deficiency in P and Mg, so that the 
Ca/P ratio is too high owing to the lack of P. The Ca content is well above the necessary (0.2% 
of DM), while K is also in surplus. 
Reproduction and mortality 
The tree will only bear fruit when the climatic conditions are right, i.e. only in certain years. How 
long the germinating power of the scattered seeds lasts is not precisely known. The kernel is 
hard and the indications are that germinating capacity is certainly improved by passage through 
the intestines. It is also possible that fruit-eating birds play a part in 
spreading Commiphora seeds (stocks have been found in Togo). 
In the course of eight years of observations at the Fété Olé station, Poupon found that the 
germination of Commiphora was sporadic, i.e. zero in certain years but considerable in others 
(e.g. 406 germinations observed over 25 hectares in 1973). 
Although in some areas the trees resisted the recent period of drought very well, this was not 
the case at Kanem in Chad, where Jean-Charles Clanet observed whole burial-grounds of dead 
trees lying on the ground, especially in the triangle between Tarey, Zigueiï and Faragoul, and 
also to the southwest of Bir Tchao, in western Soulias as far as Bir Edet, and between Ourel 
and Karkour, in the Préfecture of Batha. 
Owing to the fact that their roots are near the surface, the trees are vulnerable to wind. Each 
year the violent gusts which precede the tornadoes uproot a certain number of them, even 
succeeding in turning them upside-down, so that the tree lies with its roots stranded in mid-air. 
These trees are certain to die, but others, which are simply flattened, recover by a process of 
natural layering. The growth rate of Commiphora is regular until the base of the trunk reaches 
40 cm. They are then about 30 years old. 
  
Uses 
The wood is resistant and easy to work. It has the extraordinary advantage of being very little 
susceptible to attack by termites. It is preferred to all other woods for using in bedsteads (in the 
Batha area). The trunks of the largest trees can be cut up into planks. Together with the wood 
of Balanites, to which it is preferred owing to its finer texture and resistance to splintering, it is 
the favourite wood used in Koranic wooden-engravings. 
Elegant fragments of root, which are straight and naturally sculptured by the wind, can become 
ornaments in the decoration of huts. According to the claims of the Quaddai hunters in Chad, 
the greater kudus like to rub the base of their horns against the trunks and junctions of the main 
branches, doubtless in order to rid themselves of excoriations. 
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1. Introduction 
First of all we should take the opportunity to thank colleagues who have supplied us with the 
often unpublished data, used in the present study. 
Specifically we would like to thank the following: 
A.G. Seif el Din, IDRC expert in Nairobi; 
R. Delaye, FAO expert in Tunis; 
O. Hamel, Director of the CTFT in Dakar; 
M. Sabra, ex-director of the FAO project in Cape Verde; as well as 
J. Durkin, ILCA programmer in Addis Ababa, who was responsible for the data processing. 
The data were compiled by H.N. Le Houérou, while the analysis was carried out in collaboration 
with C. de Montgolfier-Kouèvi, particularly as regards their economic interpretation. 
Browse tree and shrub plantations have an undeniable value in countries where labour is 
plentiful and cheap, as is the case in Africa. In addition to supplying wood or other products 
such as gum arabic, they provide livestock in the arid and semi-arid zones with feed supplies to 
cover the bridging period and during times of drought, often with a high protein value. They help 
to stabilize animal production without in any way competing with food or forage crops, which 
they may even benefit. Since they can be planted on marginal land which cannot be used for 
ordinary cropping (sand dunes, steeply sloping land, rocky soil, land subject to flooding and 
soils with a high salt content, etc), browse trees and shrubs play an important part in protecting 
valley slopes and stopping erosion. Other species can be grown on land which is actually 
cultivated, helping to improve crop yields by supplying soil nutrients, especially nitrogen. 
For these reasons the cost price of a feed unit (FU) produced from browse trees and shrubs is 
probably lower than one produced from most of the concentrates used as animal feed. The 
cheaper forms of concentrate, such as cereal bran, urea and molasses, are in any case usually 
only available in limited quantities in specific areas, so that transport costs render their utilization 
prohibitive outside the immediate production area. Their contribution to animal feeds in Africa 
will therefore be limited for many years to come, if not actually insignificant, whereas an 
enlightened policy to promote browse would probably not only improve animal nutrition but also 
help offset the shortage of fuel supplies (by producing firewood), at the same time as 
maintaining soil fertility and productivity. 
On the basis of experimental cases drawn from the existing literature it therefore seemed 
relevant to undertake an evaluation of the feed resources which might be obtained by planting 
browse trees or shrubs. Our aim has been to assess the economic feasibility of such plantations 
and to evaluate the cost price of the animal feed which could be produced under relatively 
extensive conditions, in other words using a minimum of inputs. 
In order to carry out this evaluation the establishment costs of browse plantations were 
assessed, for the most part using examples drawn from concrete experience 1, for plants raised 
in the nursery and subsequently replanted in the field. These costs include soil preparation, 
water and soil conservation where appropriate, and maintenance (weeding and ploughing) prior 
to utilization. To a great extent they consist of labour costs, which often account for up to 80% of 
overall costs, since soil preparation has been subject to little or no mechanization. 
1 There is a large amount of data on this subject, but it is not entirely coherent. Where necessary 
these data have been supplemented by further calculations so as to take management factors 
into account. 
Generally speaking mechanization does not appear to bring appreciable reductions in costs, 
which merely break down differently, with a greater burden on the trade balance of the country 
concerned. The salaries of technical staff have usually not been taken into account, nor has the 
purchase price of the land used. 
To normal planting costs should be added those of enclosures to protect the plants. Enclosures 
may consist of barbed wire fences or thorn hedges. The first alternative is generally much more 
expensive than the second, especially in tropical Africa where, according to such estimates as 
were available, the cost price of barbed wire fencing is three times higher than in Tunisia 2. On 
the other hand, hedges have to be planted 2 or 3 years before the plantation itself, so as to 
afford proper protection, a factor which prolongs the unproductive period of the land by this 
amount of time. Investment in enclosures, whether barbed wire or hedges, therefore constitutes 
an important entry and often a very substantial one in the overall establishment costs for a 
plantation. For this reason a systematic attempt has been made to isolate these costs in our 
calculations of cost prices and profitability. 
2 About US $450/ha, as against US $150 in Tunisia, for enclosures covering an area of about 10 
ha. 
Estimating operating costs has proved somewhat more problematic. Since very little information 
was available in this field we have usually had to estimate these data ourselves, basing our 
estimates on a number of assumptions. It has been assumed, for instance, that since this type 
of enterprise is primarily extensive, operating costs largely consist of fixed costs (mainly those of 
patrolling the plantation) which are independent of production, the latter being primarily 
governed by ecological factors such as soil type aridity, or socio-economic factors affecting 
management. Nonetheless, it was also argued that although browse plants can theoretically be 
used without variable operating costs since the feed can be consumed on the spot by the 
animals, the offtake of wood implies cutting and transport costs which are directly linked to the 
level of output. This approach may have led to some underestimation of operating costs, 
especially for plantations which were deemed to have the benefit of good management. 
In most cases production was estimated on the basis of several assumptions in relations to 
yield, so that management differences could be taken into account and profitability thresholds 
determined, so long as the range of yields adopted was felt to correspond to what could 
theoretically be achieved under extensive conditions. Evaluating production posed intricate 
problems owing to the difficulty of establishing shadow prices for animal feed. The shadow 
prices adopted have important implications for the internal rate of return (IRR), the factor we 
were seeking to identify. Generally speaking the price of livestock feeds depends on their 
energy value (measured in forage units – FU – or any other unit directly or indirectly indicating 
the number of calories contained in the feed) and their protein content (measured in digestible 
protein – DP – per kg of feed). On the basis of these two factors and of world market prices for 
the main livestock feeds (cereal grains and brans, oilcakes, meat meal), the prices per FU and 
per kg of DP were estimated to average US $0.16/ FU and US $0.24/kg of DP during the year 
1979 (see Annex 1). This structure is nevertheless unstable, since any movement in the relative 
prices of livestock feeds, especially between those with low and high protein contents, for 
example cereal brans against cakes, leads to distortion of the FU/DP price ratio (see Table 1) 
which may at times be considerable. Leaving aside the results for the years 1975 and 1976, 
which were effected by the sharp rise in cereal prices on the world market, the price per kg of 
DP is generally higher than the price per FU. The ration was about 1.5:1 for the period 1975–
1979, and for the year 1979 itself. 
Table 1. Prices per fu and per kg of dp.( in US cents ) 
  FU DP (kg) 
World Market a 
1975 14.1 10.1 
1976 14.5 12.0 
1977 13.3 28.6 
1978 11.3 28.2 
1979 15.6 24.0 
Average 1975-79 13.7 21.1 
Africa (1979-80) 
Tunisia b   0.2 61.0 
Senegal c   0.4 48.0 
a Cereal bran/oilseed cakes and meat meal. 
b Wheat bran/soya cake. 
C Wheat bran/groundnut cake. 
Source: FAO (1975/79) and UNCTAD (1978/79). 
If we turn to the equivalent African prices, based on the examples of Tunisia and Senegal in 
1979/80, prices per FU and per kg of DP, worked out from cereal bran and cake prices, settle at 
levels quite different to those found on the world market. Protein in African countries has an 
extremely high value, while FU values are very low on account of low producer prices for cereal 
brans: 5-7 US cents per kg, as against 13.6 cents on the world market. These estimates, biased 
by the low prices of cereal brans as recorded at the place of production, do not appear truly 
representative of the real value of animal feeds in African countries. As noted above, when they 
are used cereal brans carry transports costs which considerably increase their cost price to the 
final user. 
Taking into account other animal feed products with a low protein content, such as 
molasses, Acacia albida pods and even maize, completely preserves the FU and DP price 
structure (US $0.16/FU and US $0.16 per kg of DP in Senegal for 1979/80), bringing it closer to 
that of the world market over the same period. In short, given the unreliability of FU and DP 
price estimates, the structure prevailing on the world market is probably the most 
representative. In the end, owing to the lack of other reliable data, it was therefore adopted as 
the basis for the shadow FU and DP prices used to calculate the IRR on planting browse trees 
and shrubs in Africa. These prices are also similar to those of cereal grains on local markets. 
Cereals are often the only source of concentrate available to farmers and livestock producers. 
Nonetheless, adopting a rather high FU shadow price is not very satisfactory, since in Africa 
livestock are usually fed at low cost on natural forage produced for the most part on land unfit 
for cultivation. However attractive from a financial point of view, browse plants at the shadow 
prices identified by this method would probably have no economic applicability. An attempt has 
therefore been made instead to estimate FU and DP cost prices directly, assuming a given IRR, 
i.e. an opportunity cost of capital more easily determined on the basis of interest rates. At this 
point further difficulties arose, first in the attempt to identify two separate prices (both per FU 
and kg of DP) and secondly because browse trees and shrubs can be used for several 
purposes, among which the production of wood at the same time as forage. For DP and FU 
prices a fixed structure at the level found on the world market in 1975–79 was assumed, giving 
a ratio of 1.5:1 between them. 
As far as the production of wood alongside browse in pastoral areas is concerned, the high cost 
of transport from production to consumption areas is a prohibitive factor 3. In the first place it 
was therefore assumed that browse trees and shrubs are cultivated primarily for forage 
production, with wood being counted as a by-product with no market value, so that all 
investment and operating costs could be attributed to browse production. If this is the case the 
FU and DP cost prices are those which, for the IRR selected, balance the discounted cash flow 
of income and expenditure resulting from the production of browse alone. 
3 In Senegal the cost of acacia wood was around US $50/t in urban areas in 1980. On the other 
hand, Pterocarpus lucens wood was priced at under US $30/t in Niono, Mali, at the same time, 
after the seller had devoted between 24 and 30 hours to collecting it in the bush. Taking into 
account the opportunity cost of his labour and other outlays (depreciation of the donkey and cart 
used for transport), the cost price of wood in the bush would certainly not be over US$ 15-16/t. 
To avoid any risk of overestimation, this was the level chosen for the shadow price of wood 
(acacia) used in the IRR calculations. 
Secondly however, it can be assumed that browse trees and shrubs are cultivated for both 
wood and forage, which would mean that the various costs should be shared between the two 
activities. A breakdown of this kind is by no means a simple matter, especially as regards 
investments made for both types of enterprise. Nonetheless, the breakdown can be made to 
reflect the distribution of earnings from the two production alternatives, although this distribution 
is itself dependent on the FU and DP shadow prices which we are attempting to determine. In 
the end the FU and DP cost prices were calculated by breaking down investment costs 
according to earnings and distributing operating costs somewhat arbitrarily 4. Whatever the 
uncertainties to which it gives rise, this twofold approach allowed a range of FU and DP cost 
prices to be identified, which supplemented the preceding estimates already carried out for IRR. 
Nonetheless, since the shadow price of wood is fairly low, the second part of the approach has 
a fairly small impact on FU and DP cost prices. 
4 The following procedure was followed for investments: an initial breakdown of earnings using 
the shadow prices adopted for the IRR calculation, followed by a second breakdown on the 
basis of estimated average cost prices; this enabled a second estimate to be made, which was 
considered as final. As regards operating costs it was decided that all fixed costs (patrolling) 
could be attributed to forage production, while variable costs (cutting and transport of wood), 
were attributed to wood production. 
Assessing the viability of browse tree and shrub plantations raised one final issue, that of 
evaluating the opportunity cost of land. As already mentioned above, the purchase price of land 
was not included in the establishment costs of the plantation. In order to take this factor into 
account, the land-use changes which should logically result from the very establishment of the 
plantation have to be considered, especially as regards utilization of the grass stratum which 
had been previously used for feeding animals, with the result that investment and operating 
costs have to be analysed in terms of the incremental additional FU and DP production 
generated. 
However, a further problem immediately arises: how to assess the value of the forage 
production lost, generally during the pre-development period, and specifically the shadow cost 
which must be applied to evaluate this output. In dry areas unsuitable for cropping the value of 
forage is generally thought to be very low, not merely because the opportunity cost of land is 
low or zero also because grass is relatively plentiful when it is available during the growing 
period, whereas the value of browse lies in its ability to supply an extra feed resource during 
periods when livestock are under-nourished. In other words, according to this theory the 
opportunity cost of land and the value of the unused grass stratum can be considered as nil. 
This assumption is not entirely satisfactory. It fails to take into account the rising numbers of 
animals stocked on tropical African rangeland and the resultant growing scarcity of grass. For 
this reason the production of browse should not compete with that of grass but should 
complement it, if pastoral production systems are to survive. In the end the same shadow prices 
were therefore adopted for both grass and browse plants. This assumption is highly optimistic, 
since grass is rarely a limiting factor during the rainy season, whereas browse supplies and the 
protein they provide almost always are during the dry season. This decision theoretically implies 
underestimation of the IRR, although the impact generally appears fairly low. It is also open to 
the same objection as made above, that the shadow price of browse is too high given the 
conditions prevailing in tropical Africa, but the objection can be met with the same answer, that 
of estimating FU and DP cost prices on the basis of the opportunity cost of capital, assuming 
that the two prices are the same for grass and browse plants. 
Even discounting all these uncertainties, the approach adopted is still very far from exhaustive. 
Simple types of management have been envisaged, although more sophisticated systems could 
have been imagined, for example involving deferred or rotational grazing or browsing, implying 
lower stocking rates in the short term but improved yields in the long run. A more dynamic 
approach would also have taken into account the stabilizing effect of browse forage reserves on 
herd numbers and productivity during extreme drought periods. However, the lack of reliable 
data discouraged us from undertaking such exercises, in so far as the many alternative systems 
which could have been put forward would have been open to accusations of irrelevance, since 
at present they appear to be socially inapplicable in most African countries. 
2. Spineless cacti plantations in Tunisia 
A bulk food with a low protein content, cacti provide an emergency feed supply and are 
cultivated as such in many semi-arid areas of Brazil and southern and northern Africa as part of 
anti-drought strategies. Cacti have high yields given the conditions under which they grow, 
although ecological limitations prevent them from growing in some arid zones, for example in 
the West African Sahel where, except for a narrow coastal strip, the air is too dry for 6 to 8 
months of the year. In well managed extensive plantations yields can reach a high point of 30 to 
80 t of green matter per ha (3-8 t of dry matter - DM -), at a density of 2000 plants per ha, i.e. 
1500 to 4000 FU (assuming 1 kg of DM equals 0.5 FU). 
Cattle and sheep can consume the fleshy lobes or joints of cactus plants in amounts equivalent 
to up to 10% of their live-weight, provided a certain proportion (1% of live-weight) of dry 
roughage in the form of straw or hay is added. A cactus-based feeding regime also considerably 
reduces watering requirements. Cactus joints may be directly consumed by the animals, a 
method which has the advantage of allowing simultaneous use of the grass stratum. However, 
this form of management requires strict control of the herd and careful management of the 
plantation, to avoid overgrazing. Optimum technical conditions of this kind are unfortunately 
difficult to achieve in Africa, and as a result a cut-and-carry system is generally used in order to 
avoid the risk of overgrazing. However, the cut-and-carry method has the drawback of incurring 
maintenance costs for the cactus plants as well as preventing utilization of the grass stratum. 
The management system chosen thus has a considerable impact on cost. 
Investment costs have been estimated by various authors in Tunisia. Overall they can be 
evaluated at some US $425/ha for planting as such, to which should be added the costs of 
enclosures, which are indispensable where direct grazing is concerned. For a plantation with a 
density of around 2000 stocks/ha, costs subdivide as follows: 
1. Planting costs (soil preparation, purchase and transport of cactus joints, and planting itself), 
which come to approximately 60% of total investment costs and 80 man-days/ha in terms of 
labour. These costs were estimated during experiments on large plantations in Tunisia 
(Monjauze and Le Houérou, 1965). They amounted to US $104 in 1965, i.e. US $324 in 1980 
prices 5. Barrachette (1980) estimated costs at US $430/ha the maximum for loans and 
subsidies granted to planters is US $265/ha. The average of these two figures (US $347) is very 
close to the 1965 estimate on the basis of experimental data, and as a result a figure of US 
$350/ha was eventually adopted as representative of planting costs in 1980. 
5 In order to take into account the rising prices between the time of estimate and the year 1980, 
prices were re-evaluated using the UN index of unit values of manufactured goods exported by 
developed countries (UNCTAD, 1978/79), which rise from 88 in 1965 to 300 in 1980 (on the 
basis of 100 in 1970). 
2. Maintenance costs during the 3 years prior to utilization, which can be estimated at US 
$75/ha/year. 
3. The costs of enclosures which, as already noted, may involve either hedges or barbed wire 
fences. According to different estimates, the costs of barbed wire fencing can be put at US 
$150/ha in Tunisia on the basis of a unit cost of around US $1/metre. Costs for a double-row 
spiny cactus hedge reach a maximum of US $60/ha, but are incurred at least 2 years before 
planting can take place. 
On this basis the establishment costs for a cactus plantation thus average US $0.24-0.28 per 
plant (US $0.21 without enclosures). 
Operating costs of the fixed costs of patrolling the plantation, which can be estimated at US 
$12/ha/year on average and, when applicable, the costs of cutting and carrying the browse, 
which may be estimated at US $6/t of cactus, i.e. US $40/t of DM. 
Cactus joints are primarily used as forage. Utilization can usually begin after 4 years and 
increase gradually until full production is reached after 6 to 7 years. It has been noted above 
that yields generally reach 30 to 80 t/ha when the plants are fully developed in well managed 
extensive plantations. However, in order to take the existence of lower management capabilities 
at local smallholder level into account, it has been assumed that the production of cactus joints 
lies between 1 and 6 t of DM/ha with a nutritive value of 0.5 FU/kg of DM and 20 g of DP/FU. 
Variable operating costs are directly linked with these different levels of output. 
The value of production has been estimated using as shadow prices the costs per FU and per 
kg of DP derived from those of the main livestock feeds on the world market in 1979, namely US 
$0.16/FU and US $0.24/kg of DP (see Table 1). It varies between US $82 and US $495 
according to assumptions with regard to yield (Table 2). It has also been assumed that the 
plantation was established on grazing land with an annual production of 220 FU with a DP 
content of 125 g/FU, i.e. having a value of US $42 on the basis of shadow FU and DP prices, 
and that establishing the plantation meant giving up using the grazing land throughout the 
period prior to utilization in the case of direct grazing (years 1 to 4, or 1 to 6 if spiny cactus 
hedges are introduced), and throughout the utilization period if a cut-and-carry system is used. 
Table 2. Evaluation of cactus production during development period in Tunisia. 
Per ha Production assumption 
  From year 5 
onwards 
From year 6 
onwards 
From year 7 
onwards 
From year 8 
onwards 
          
Green matter (kg) 10,000 20,000 40,000 60,000 
Dry matter (kg)   1,000   2,000   4,000   6,000 
FU a      500   1,000   2,000   3,000 
DP (kg) b        10        20        40        60 
Value during 
development period 
(US $) c 
  
        82.5 
  
     165 
  
      330 
  
      495 
a Based on a value of 0.5 FU/kg of DM. 
b Based on a value of 20 g of DP/FU. 
C Based on shadow prices of US $0.16/FU and US $0.24/kg of DP. 
The IRR remains almost always lower than 10% when the plantations are used under a cut-and-
carry system. Under these conditions a profitability level of 10% is only achieved when 
production reaches 3000 FU/ha year or more. It may also be noted that the IRR tends to be 
lower for plantations with hedges than for those with barbed wire fencing. The prolonged 
unproductive period of investment largely offsets the savings made by not using fencing. In 
short, under a cut-and-carry system it does not seem possible to produce browse at a 
reasonable price in Tunisia unless production is over 6 t of DM/ha/year, using an extensive 
system (see Tables 3 and 4). 
  
Table 3. Internal rates of return of spineless cactus plantations in Tunisia a 
.                                                                                                                  -in %- 
Management system Direct grazing Cut-and-Carry 
Enclosures Hedge Barbed 
wire 
No 
enclosure 
Hedge Barbed 
wire 
Production of  500 FU b   2.0   3.4   0.1   0.1   0.1 
Production of 1000 FUb   9.9 11.3   0.1   0.1   0.1 
Production of 2000 FUb 17.4 19.2   8.9   5.2   6.7 
Production of 3000 FUb 21.5 23.4 14.1 10.2 11.6 
a Project life is 20 years; shadow prices are US $0.16/FU and US $0.24/kg of 
b During development period. 
Table 4. Cost prices per FU and per kg of DP of spineless cactus in Tunisia a. 
Management system Direct grazing Cut-and-Carry 
Enclosures Hedges Barbed wire No enclosure Hedges Barbed wire 
IRR 10% 15% 10% 15% 10% 15% 10% 15% 10% 15% 
Production of 500 FU 0.47 1.40 0.32 0.56 1.32 4.85 ns b ns b 1.58 5.96 
Production of 1000 FU 0.16c 0.29 0.14c 0.23 0.30 0.42 0.44 0.84 0.34 0.49 
Production of 2000 FU 0.08c 0.13c 0.07c 0.11c 0.17 0.21 0.20 0.28 0.19 0.24 
Production of 3000 FU 0.05c 0.09c 0.05c 0.08c 0.14c 0.17 0.16c 0.20 0.15c 0.19 
a Project life is 20 years; DP cost price is assumed to be 1.5 times higher than FU cost price. 
b Not significant. 
C The FU and DP cost prices are lower than shadow prices. 
The result obtained when a direct grazing system is used is more promising, operating costs, 
being lower and the grassland being theoretically available for use during the development 
period. This system apparently allows an IRR of almost 10% as soon as production is over 2 t of 
DM/ha, a lower level than yields observed on well managed farms. As Table 4 indicates, the FU 
and DP cost prices, for a 10% opportunity cost of capital, tend to fall well below shadow prices, 
dropping to around US $0.7–0.8/FU, when cactus production reaches 4 t/ha. However, as has 
been seen, systems of this kind are very demanding in terms of management and do not appear 
widely applicable under current African conditions. 
It should also be noted that these estimates relate to feed with a poor protein content which 
could never by itself provide adequate feed rations for animals and would have to be combined 
with other species with a high nitrogen content, such as Atriplex Acacia spp. or tree lucerne. 
IRR calculations for cactus plantations are therefore only valid in the context of diversified 
browse plantations which complement each other, or when other kinds of protein-rich 
supplementary feed are available, such as lucerne, bran, cake, urea etc, but as has been seen 
availability poses problems. 
  
3. Atriplex plantations 
Highly resistant to drought, Atriplex species can grow on heavy and salty or alkaline soils with 
an average rainfall of at least 150 mm per year. Like cacti they do not adapt well in some arid 
tropical zones such as the West African Sahel, but on the other hand they appear well suited to 
conditions found in the dry zones of eastern Africa. They provide better quality browse than 
cactus joints owing to their high crude protein (CP) content (15 to 25% of DM) and, unlike 
cactus plantations, they can be directly grazed without incurring any specific management 
problems, since they are little browsed when green grass is plentiful. The grass stratum can 
thus be used at the same time as the browse, as soon as the plantation reaches maturity. 
Finally, Atriplex plantations can also be used for producing wood, although its quality is rather 
poor and producer prices are definitely low owing to transport costs. Wood yields 
from Atriplex plantations are broadly similar in terms of dry weight to the leaf production used for 
browse. Browse yields are generally lower than for cactus, however. The dual production 
objective and the rich protein content of Atriplex leaves nevertheless mean 
thatAtriplex plantations can yield financial results distinctly superior to those for cactus. 
The establishment costs for a plantation of Atriplex nummularia were studied in Tunisia by 
Franclet and Le Houérou (1971) and in Israel by Orev (1962). Although carried out under very 
different experimental conditions, using manual planting in Tunisia and mechanized drilling in 
Israel, the two studies reach very similar results: US $80/ha in Tunisia, with A. nummularia in 
1969 6, i.e. US $245 in 1980 prices, and US $70/ha using A. halimus in Israel in 1962, i.e. a 
1980 cost of US $220. On the other hand, Barrachette calculates investment costs at US 
$475/ha for plantation of 2000 stocks/ha in Tunisia in 1980, with the costs spread over a period 
of 2 years, counting US $400 for the first year and US $75 for the second. If enclosure costs of 
US $150/ha are also taken into account, total establishment costs for a plantation of Atriplex can 
be evaluated at over US$ 600 per ha, i.e. 31.2 cents per plant, or 23.7 cents per plant without 
enclosures. The latter estimates were the ones used for our own profitability calculations 7. 
6 Planting manually in Tunisia (nursery, soil preparation, transport, planting out and watering) 
requires 40 to SO man-days/ha with a plant density of 2000 bushes per ha, i.e. 45 bushes per 
man-day. 
7 In Chile, planting costs with anti-erosion banks and including both planting and enclosures 
have been estimated at US $200/ha by Benjamin (1980). These plantations, established in the 
Norte Chico region with an average rainfall of 100 to 220 mm, involved Atriplex repanda, 
A. nummularia, A, semibaccata, Galenia secunda and Mairena brevefolia (Kochia b. ),with 
browse production at between 1000 and 2000 kg of DM/ha/year. 
As the Atriplex wood is marketed, the management system consists of allowing the animals to 
browse the leaves whenever the branches are cut. As a result operating costs primarily consist 
of patrolling the plantation, estimated at US $12/ha/year, and wood cutting, estimated at US $12 
(4 man-days) for an output of 2.5 t. of wood. 
Atriplex plantations established either with plants raised in the nursery or by direct drilling reach 
maturity in 2 or 3 years. If properly managed, leaf and wood production could reach 2.5 to 5 t of 
DM each during the development phase, between 4 and 7 years. Nevertheless output was 
assumed to be well below this figure, so as to take into account lower management capabilities 
at smallholder level and browse production levels between 1.25 and 5 t of DM/ha were adopted, 
i.e. between 500 and 2000 FU. On this basis wood cutting costs are estimated between US $6 
and US $24/ha/year, according to the assumption with regard to production. 
As in the case of cactus plantations, FU and DP shadow prices are derived from livestock feed 
costs on the world market in 1979, i.e. US $0.16/FU and US $0.24/kg of DP. Owing to its inferior 
quality the costs of Atriplex wood have been estimated at half those of acacia species, 
amounting to US $7.8/t (see footnote 3). Overall, the value of output varies from US $196 to US 
$504/ha (Table 5). It was also assumed that the plantation was established on grazing land 
producing about 220 FU/year, i.e. having a value of US $42 on the basis of FU shadow prices, 
and that the land cannot be grazed during the first 3 years of pre-development, or the first 5 
years when the plantation is enclosed with thorn hedges, in other words before it reaches 
maturity. 
Table 5. Forage and wood production in Tunisian Atriplex plantations. 
Per ha Production assumption 
  1. 
Year 4 onwards 
2. 
Year 5 onwards 
3. 
Year 6 onwards 
4. 
Year 7 onwards 
  Wood Browse Wood Browse Wood Browse Wood Browse 
DM (kg) 1250 1250 2500 2500 3750 3750 5000 5000 
FU a –   500 – 1000 – 1500 – 2000 
DP (kg) b –   150 –   300 –   450 –   600 
Value during 
development 
period (US $)c 
  
   10 
  
  110 
  
   20 
  
  232 
  
    30 
  
  348 
  
   40 
  
4464 
a Based on a value of 0.4 FU/kg of DM. 
b Based on a value of 300/g of DP/FU. 
C Based on shadow prices of US $0.16/FU, US $0.24/kg of DP and US $7.8/t of wood. 
The IRR is over 20% when browse and wood production reach 2.5 t of DM/ha, and is still above 
10% when output is equal to or above 1.25 of DM/ha (14% when no enclosure costs are 
included). When yields become more substantial the IRR is over 25%, and even reaches 30% 
without enclosures. The FU cost price at this level is only US $0.3-0.5/FU, with a 10% 
opportunity cost of capital, and US $0.4-0.8 for an IRR of 15%, a level well below the shadow 
price (Tables 6 and 7). According to the result in Table 7, the FU and DP cost prices are only 
higher than shadow prices when browse production is very low (500 FU) and when the 
opportunity cost of capital reaches 15%, whether or not enclosure costs are included. Even with 
IRR at 10%, cost prices remain below FU and DP shadow prices at this low level of production 
only when the Atriplex plantations are provided with enclosures and are not used for wood at 
the same time as for forage. 
  
Table 6. Internal rates of return of Atriplex plantations in Tunisia a. 
Enclosure No enclosure Barbed wire 
Production of   500 FU 14.0 10.7 
Production of 1000 FU 24.5 20.3 
Production of 1500 FU 30.4 25.8 
Production of 2000 FU 33.6 28.9 
a Project life is: 20 years; shadow price is US $0.16/FU. 
Table 7. Cost prices per FU on Atriplex plantations in Tunisia a. 
Enclosure No enclosure Barbed wire 
IRR 10% 15% 10% 15% 
Wood production Yes No Yes No Yes No Yes No 
Production of 500 FU 0.12b 0.14b 0.1.7 0.19 0.15b 0.17 0.21 0.24 
Production of 1000 FU 0.06b 0.07b 0.08b 0.10b 0.07b 0.09b 0.11b 0.13b 
Production of 1500 FU 0.04b 0.06b 0.05b 0.08b 0.05b 0.07b 0.07b 0.09b 
Production of 2000 FU 0.03b 0.05b 0.04b 0.06b 0.04b 0.05b 0.06b 0.08b 
a Project life is: 20 years; DP cost price is assumed to be 1.5 times higher than FU cost price. 
b FU/DP cost prices are lower than shadow prices. 
To sum up, Atriplex plantations have an obvious advantage over cactus plantations, and in 
Tunisia at least, allow browse with a high nutritive value (good protein content) to be produced 
at moderate cost prices as soon as yields are over 1000 FU/ha. 
4. Acacia plantations 
Acacia is a genus of the Leguminosae family, probably consisting of over 900 species which 
vary considerably in appearance from low bush to tree, and which are distributed almost 
throughout the arid tropical zones of the world. Many of them adapt well to sandy environments 
and can be used for stabilizing sand dunes and protecting the environment, while others, such 
as Acacia albida, havelong been grown in agropastoral systems, usually involving millet, or 
raised for the production of gum as in the case of Acacia senegal. About a dozen of these 
species are cultivated for their leaves and pods, which form an excellent quality forage, rich in 
protein and phosphorus although sometimes poor in glucides. Browse species of acacia can 
grow in very different kinds of environment, a factor which makes their classification from the 
point of view of economic performance difficult. In the section which follows their economic and 
financial performance is examined in four specific cases. 
4.1 Acacia cyanophylla plantations in Tunisia 
Acacia cyanophylla, as well as, to a lesser degree, other species related to the phyllodineous 
Australian acacias (A. salicina, A. ligulata, A. pycnantha, A. cyclops and A. pendula), have been 
used in forestry for 40 to 60 years on many thousand hectares in North Africa from the humid 
coastal strip to the arid zone, mostly for fixing coastal sand dunes but sometimes those of the 
interior also. The browse output from leaves, branches and pods usually lies between that of 
cacti and Atriplex, and may reach 6 t of DM per ha on well managed plantations (2000 FU). On 
the other hand, growth of the grass stratum is low and may even approach zero when the 
planting density is around 800 to 1000 trees hectare. Wood production is high, and its quality is 
better than Atriplex 8. The tree can be used by cutting and carrying, by trimming followed by 
direct grazing, or else by direct browsing with periodic pruning. The impact of the various 
management methods on long-term productivity is, however, little understood, and experiments 
to compare them have yet to be carried out. 
8 Producing 4500–5000 Kcal/kg of dry wood. 
Establishment costs for a plantation with a density of 1000 bushes per ha are about US $600/ha 
(US $560 for the first year and US $50 for the second), using 125 man-days. In addition, 
enclosure costs are about US $150/ha in Tunisia. Operating costs are fairly low when direct 
grazing after trimming is the management method adopted. They are estimated at US $12/ ha 
for patrolling, and US $12 for cutting and transporting 2.5 t of wood, the same figures as 
for Atriplex. 
Production, mainly involving browse and wood, can generally begin after 3 years, building up 
gradually to full development towards the sixth or seventh year. Expressed in terms of DM, 
wood and leaf production are identical, such that 3 kg of wood are produced for each FU. The 
feed value of the leaves is around 0.33 FU/kg of DM, with 200 g of DP/FU. A properly managed 
plantation above the 200 mm isohyet annually produces 3000 kg of DM in phyllodes and 3000 
kg of wood per ha. However, four different assumptions as to production have been chosen, so 
as to represent management systems of varying efficiency (Table 8). On this basis, and taking 
into account the shadow prices of acacia browse and wood, the value of output varies between 
US $127 and US $510 per ha, with 20% attributable to wood and 80% to browse. It has also 
been assumed that the grass stratum would be unable to grow at this plant density, so that the 
value of the original grazing is lost throughout the development period, amounting to US $42/ha 
on the basis of an output of 220 FU with a DP content of 125 g/FU. 
Table 8. Production of wood and browse on Acacia cyanophylla plantations in Tunisia. 
Per ha Production assumptions 
  1. 
Year 4 onwards 
2. 
Year 5 onwards 
3. 
Year 6 onwards 
4. 
Year 7 onwards 
  Wood Browse Wood Browse Wood Browse Wood Browse 
DM (kg) 1500 1500 3000 4500 4500 4500 6000 6000 
FU a –   500 – 1000 – 1500 – 2000 
DP b –   100 –   200 –   300 –   400 
Value during 
development 
period (US $)c 
   23   104        70   312   94   416 
a Based on a value of 0.33 FU/kg of DM. 
b Based on a value of 250 g of DP/FU. 
C Shadow prices of US $0.16/FU and US $15.6/t of wood. 
At equal production levels, and despite a higher shadow price of wood, IRR levels are lower 
than for Atriplex plantations (Table 9). They are below 5% when browse production is 500 
FU/ha, and are close to or slightly above 10% when it reaches 1000 FU (3 t of DM/ha), a level 
roughly equivalent to that achieved on properly managed plantations. The IRR settles at around 
20% when production reaches about 6 t of DM per ha (2000 FU). The FU and DP cost prices at 
this level are fairly low for a 10% opportunity cost of capital, especially if wood is produced at 
the same time as browse. 
Table 9. Internal rates of return of Acacia cyanophylla plantations in Tunisia a. 
Production No enclosure Barbed wire 
  500 FU   3.1   1.4 
1000 FU 13.7 11.5 
1500 FU 18.9 16.5 
2000 FU 22.2 19.7 
a Project life is 20 years; shadow prices are US $0.16/FU, US $0.24/kg of DP and $15.6/t of 
wood. 
When browse production is around 1000 FU/ha the FU and DP cost prices are only lower than 
shadow prices when certain favourable conditions are also fulfilled, namely when IRR is 10% 
and no enclosures are used, or when IRR is 10% and both wood and forage are produced if the 
plantations are enclosed (Table 10). Finally, when production is very low (500 FU/ha), FU and 
DP cost prices are 2.5 to 6 times higher than shadow prices. Cost prices are thus highly 
sensitive to variations in yields, when these are low. 
Table 10. Cost price per fu on Acacia cyanophylla plantations in Tunisiaa 
Enclosure: No enclosure Barbed wire 
IRR 10% 12% 10% 15% 
Wood production Yes No Yes No Yes No Yes No 
Production of   500 
FU 
0.39 0.47 0.72 0.82 0.48 0.56 0.89 0.99 
Production of 1000 
FU 
0.11b 0.16b 0.19 0.24 0.14b 0.19 0.22 0.29 
Production of 1500 
FU 
0.06b 0.10b 0.11b 0.16b 0.08b 0.12b 0.14b 0.19 
Production of 2000 
FU 
0.04b 0.08b 0.08b 0.12b 0.04b 0.09b 0.10b 0.14b 
a Project life is 20 years; DP cost price is assumed to be 1.5 times higher than FU cost price. 
b FU and DP cost prices are lower than shadow prices. 
  
4.2 Phyllodineous acacia plantations in Senegal 
Hamel has carried out estimates on the Senegalese production of phyllodineous acacias from 
Australia (A. holosericea and A. linaroides), species which seem to have acclimatized 
successfully so far, although they have not been tested in the more demanding zones. 
In this country the establishment costs of a plantation with a density of 1000 bushes per ha have 
been estimated at around US $500 to 6009, a figure slightly below those 
for Acacia cyanophyllaplantations in Tunisia. However, the costs of barbed wire fencing are 
much higher. Various evaluations indicate that the cost of barbed wire fences averages US 
$450/ ha (on the basis of a unit cost of US $3/metre), a figure three times as high as for Tunisia. 
Hedges, on the other hand, work out at a cost probably very close to that estimated for thorn 
hedges in Tunisia, about US $150/ha for a double-row thorn hedge. 
9 These costs are distributed as follows: 
  Planting 
  Manual (US $/ha) Mechanical (US $/ha) 
– soil preparation   50 125 
–subsoiling 200 200 
– fencing posts 160 160 
– planting   30   30 
– ploughing   32   32 
– maintenance (twice yearly)   40   40 
– extra maintenance   10   10 
Total 522 597 
Operating costs have not been specified, but it can be estimated that they must be close of 
those for Atriplex and Acacia cyanophylla plantations in Tunisia, namely US $12/ha for patrolling 
and US $12 for cutting and transporting 2.5 t of wood, i.e. US $20 per year for an output of 4 t of 
wood. 
According to Hamel's estimates, browse production can begin in the third year, with output at 
1250 kg of DM/ha, while wood production at 2 t reaches 2000 kg during the fourth year and 
2500 kg in the fifth year. As indicated above, FU and DP shadow prices can be estimated 
respectively at US $0.16 and US $0.24. On this basis the value of output at full development is 
US $332/ha. A lower production assumption than Hamel's has nevertheless been adopted, 
according to which browse and wood production are sustained at 1250 kg of DM and 2 t of 
wood per ha throughout the development period (Table 11). It has also been anticipated that 
non-utilization of the grass stratum during the pre-development period results in a primary 
production loss of 200 FU and 25 kg of DP with a value of US $38/ha. 
  
Table 11. Production of wood and browse on phyllodineous acacia plantations in Senegal. 
Per ha Production assumptions 
  1a 
From year 3 onwards 
2b 
From year 5 onwards 
  Wood Browse Wood Browse 
DM (kg) 2000 1250 4000 2500 
FU a –   500 – 1000 
DP (kg)b     100     200 
Value during development period 
(US $)c 
 
    62 
 
  104 
 
  124 
 
  208 
a Based on a value of 0.4 FU/kg of DM. 
b Based on a value of 200 g of DP/FU. 
C Based on shadow prices of US $0.16/FU, US $0.24/kg of DP and US $15.6/t of wood. 
Although investment costs for barbed wire are very high, the IRR is over 15% for plantations 
with enclosures of this kind, while browse production is 2500 t of DM/ha (Table 12). It even 
reaches 29% when no enclosures at all are involved. As observed for cactus plantations in 
Tunisia, thorn hedges, although three times cheaper than barbed wire fencing, only marginally 
improve the IRR. When browse production is low (500 FU/ha) the IRR is below 10% for 
plantations with enclosures, and FU cost prices reach US $0.25 to US $0.35 in the least 
favourable cases (Table 13). On the other hand, when enclosures are not used the IRR reaches 
16% for this level of production. However, in this case the FU and DP cost prices are above 
shadow prices if, for a 15% opportunity cost of capital, wood is not produced together with 
forage (Table 13). A similar situation is found — IRR above 15%, cost prices higher than 
shadow prices — when, given a 15% opportunity cost of capital and production at 1000 FU/ha, 
the plantations are equipped with barbed wire fences or thorn hedges. In most cases where FU 
cost prices are lower than shadow prices, these tend to lie at about US $0.10 to 0.15, only 
falling to below US $0.05/FU under the most favourable conditions, namely with IRR at 10%, no 
enclosures and production at 1000 FU/ ha. 
Table 12. Internal rates of return of phyllodineous acacia plantations in 
Senegala                                                                 -in%- 
  Production assumptions 
Enclosure 500 FU 1000 FU 
Barbed wire     7.8 16.9 
Hedges     8.7 19.5 
No enclosure   16.0 28.9 
a Project life is 20 years; shadow prices are US $0.16/FU, US $0.24/kg of DM and US $15.6/t of 
wood. 
Table 13. Cost prices per FU on phyllodineous acacia plantations in 
Senegala                                                                              -in US$- 
Production 500 FU 1000 FU 
IRR 10% 15% 10% 15% 
Wood production Yes No Yes No Yes No Yes No 
Barbed wire 0.20 0.26 0.27 0.35 0.09b 0.14b 0.13b 0.19 
Hedges 0.18 0.24 0.34 0.30 0.08b 0.12b 0.12b 0.18b 
No enclosure 0.10b 0.15b 0.15b 0.21 0.04b 0.96b 0.07b 0.11b 
a Project life is 20 years; DP cost price is assumed to be 1.5 times higher than FU cost price. 
b FU and DP cost prices are lower than shadow prices. 
4.3 Acacia senegal plantations in Senegal and Sudan 
The main production objective in plantations of Acacia Senegal is gum arabic. Forage output is 
low, the tree only being available for browse outside the gum collection period, in other words at 
the beginning of the rainy and dry seasons, giving only a marginal value to the forage as a 
supplementary source of feed supplies during drought periods. Two plantations have been 
subject to particular study: both are found in the Sahel zone in areas receiving some 450 mm of 
rain per year, one in Senegal and the other in Sudan. 
The M'Bidi plantation in Senegal covers several tens of hectares, at a density of 620 trees/ha 
(spacing of 4 by 4 metres). According to Koné (personal communication), establishment costs 
were probably about US $330/ha and were spread over 3 years (US $240 during the first year 
and US $30 during the 3 following years). The costs do not include enclosures, which we 
estimate at US $450/ha or US $150/ha according to whether barbed wire or hedges are used. 
The El Obeid plantation in Sudan has, according to Seif el Din (personal communication), a 
density of 610 to 630 trees per ha, similar to the figure for M'Bidi in Senegal. However, 
establishment costs for this plantation were estimated at under US $200/ha (as against US 
$330 in Senegal), spread over 2 years at US $160-180 for the first year and US $20 for the 
seconds 10 to this figure should be added enclosure costs on the same basis as those outlined 
above, namely US $450/ha for barbed wire and US $150 for hedges. 
10 First year: 
Production and transport of young plants 
(US $0.046 to 0.062/plant)                                                       $28 - 39/ha 
Soil preparation, bush clearance, burning off 
(5 man-days)                                                                           $20 
Planting, digging of seed holes, making a watering 
basin round each plant (10-12 man-days)                              $40 -45 
First weeding, with a hoe (12 man-days)                                $48 
Second weeding, with a hoe if necessary 
(3.5 man-days)                                                                        $20 
 
Second year: 
Selective weeding, by hand or tractor on sandy 
soil 15 to 20 cm in depth (US $15/ha)                                      $20 
                                 Total                                                   $176 - 192 
Apart from patrolling costs estimated at US $12/ha, operating costs in both cases primarily 
concern the harvesting and transporting of gum. They are estimated to correspond to 5.6 man-
days per ha for harvesting the gum, an average of US $66/ha. 
Gum production is estimated at 250 g/tree (155 kg/ha) from the fifth year onwards and over a 
period of 35 years, at the end of which the plantation has to be entirely renewed. The trees are 
therefore cut down and the wood is sold in bulk at the end of the production period. Browse 
production, consisting of leaves, can be estimated at 200 FU/ha with a DP content of 200 g/FU. 
Every tree thus gives a yearly total of 1 kg of DM of leaves with a feed value of 0.33 FU/kg of 
DM. In short, the annual value of production at full development lies at US $163/ha, with the 
salvage value of wood when the plantation is cut down at the end of the production period 
standing at some US $290/ha (Table 14). Also taken into account is the fact that the grazing 
land taken up by the plantation cannot be used throughout the pre-development period of 5 
years. The forage production lost has been estimated at 150 FU/year with a protein content of 
125 g of DP/FU. 
Table 14. Browse, wood and gum production on acacia senegal plantations in Senegal. 
Per ha Gum Wood Browse 
Kg 155 18,600a 620b 
FU – – 200c 
DP (kg) – –   40d 
Value during development period (US $)e  
124 
 
     290 
   
  39 
a Salvage value on the basis of 30 kg/tree at end of project life. 
b In kg of DM. 
C Based on a value of 0.33 FU/kg of DM. 
d Based on a value of 200 g of DP/FU. 
e Based on shadow prices of US $0.16/FU, US $0.24/kg of DP, US $0.8/kg of gum, and US 
$15.6/t of wood. 
Table 15. Internal rates of return of Acacia senegal plantations in Senegal and 
Sudana                                                 -in%-  
Enclosure Senegal Sudan 
Barbed wire   4.1   5.2 
Wooden fence   5.6   7.0 
No enclosure 10.5 13.2 
a Project life is 20 years. 
The IRR, which is slightly higher for the El Obeid than for the M'Bidi plantation owing to lower 
investment costs, is under 10% when the plantations are equipped with enclosures and 
between 10 and 13% when no enclosures are used. Acacia senegal plantations are primarily 
intended for gum production, and consequently it has been assumed that in contrast to the 
former cases browse production could take place at the same time as gum production, or at 
least be treated as a by-product of the latter. In this case the FU and DP cost price, designated 
the marginal cost price (see Table 16), is the one enabling the discounted cash flow from net 
expenditure to be balanced, when profits from the sale of gum are deducted. 
Table 16. Cost price per FU on Acacia senegal plantations in Senegal and 
Sudana                                                                                                    -inUS $- 
  Senegal Sudan 
  Average b Marginal c Average b Marginal c 
IRR of 10%         
Barbed wire 0.38 0.90 0.35 0.70 
Hedges d d d d 
No enclosure 0.25 0.10t 0.23 e f 
IRR of 15%         
Barbed wire 1.92 4.00 1.68 3.40 
Hedges d d d d 
No enclosure 0.95 1.10 0.78 0.40 
a Project is 20 years DP cost price is assumed to be 1.5 times higher than FU cost price. 
b Simultaneous production of gum and browse. 
C Browse treated as a by-product of gum. 
d The cash flow from FU and DP losses is higher than from browse production. 
e Gum production alone is enough to ensure financial equilibrium at an IRR of 10%, so that the 
FU cost price can be rated at zero. 
f The FU cost price is lower than the shadow price. 
According to the results in Table 16 the average FU and DP cost prices are always higher than 
the shadow prices, even in the most favourable cases when no enclosure costs have to be 
included and when the opportunity cost of capital is 10%. The discounted cash flow resulting 
from FU gains and losses becomes negative when the plantations are hedged (Table 17), since 
hedges prolong the unproductive period. Treating browse as a by-product of gum improves the 
situation when the plantations are not enclosed and the opportunity cost of capital is 10%. The 
marginal FU cost price falls in this case to US $0.10 and even to zero in Sudan, where gum 
production by itself is enough to ensure financial equilibrium this level of IRR. Acacia 
senegal plantations thus appear to offer only a very marginal interest in terms of browse 
production. 
  
Table 17. Current value of the FU and DP (kg) lost and gained. 
  IRR of 10% IRR of 15% 
  FU DP (kg) FU DP (kg) 
Hedges +728 146 418 84 
Gained –732 –92 –624 –78 
  –5 +54 –206 +6 
Other enclosures 
Gained 944 189 580 116 
Lost –570 –71 –502 –63 
Net total +374 +118 + 78 +53 
4.4 Acacia albida plantations 
Acacia albida is very widespread between sea level and 1800 m in the semi-arid and subhumid 
zones of tropical Africa. Unlike most deciduous tropical trees it loses its leaves during the rainy 
season and keeps them throughout the dry season. It is usually planted in areas with an annual 
rainfall of 400 to 800 mm, in millet, cowpea and groundnut fields, forming part of a traditional 
agricultural system used by several African peasant civilizations. Millet is cultivated beneath and 
between the trees. The interception of light by the foliage during the millet growing season is 
negligible, so that shading has no effect on the crops growing at the foot of the trees. Also, as 
the leaves fall at approximately the same time as ploughing begins, most of them are ploughed 
into the soil and act as fertilizer, improving crop yields. It has been estimated that millet yields 
can be multiplied by 2 to 2.5 in fields planted with acacia, in comparison with yields in open 
fields without fertilizer. Under the conditions found in the semi-arid zones of West Africa this 
means that millet yields can increase from 500–800 kg/ha to around 1000–1500 kg/ha. In 
addition, pod production, reaching an average of 200 to 600 kg/ha/year, provides livestock with 
a protein-rich feed to supplement their roughage. Acacia albida pods were being sold at 45 CFA 
francs (US $0.21) per kg in Senegal in 1980, around US $0.27/FU (1 kg represents 0.7 FU). 
Acacia albida generally lives to about 80 years. The tree becomes productive only after 15 
years and is adult at the age of 25. Fruit production is therefore zero between 0 and 15 years, 
then gradually increases. The fertilizer effect, which also increases gradually, does not begin to 
show before the trees reach 10 to 15 years, and probably takes about 10 years thereafter to 
reach its full extent, at about 25 years when the tree is mature. The final plant density of Acacia 
albida is usually 10 to 50 trees per ha, but given the length of the production cycle it is 
preferable to have a higher density at the outset in order to meet losses, with subsequent 
elimination of some of the trees as they become adult. 
Planting costs can be estimated at US $1 per plant, i.e. US $0.55 for planting as such and US 
$0.03/year for protecting the trees until they become productive, that is until aged 15 years. 
These figures add up to a total of US $100 for an initial planting density of 100 trees/ha, US $55 
for the first year and US $3 for the next 14 years, to which should be added any enclosure costs 
incurred (US $450/ha and US $150/ha respectively, according to whether barbed wire or 
hedges are used). No further costs are incurred, apart from collecting the pods and cutting the 
branches when pruning, but these were considered negligible. 
On the basis of the yields estimated above and of shadow prices of US $0.16/FU and US $0.24 
per kg of DP, somewhat lower than the price for pods quoted on local markets in 1980, the 
value of pod production is US $73/ha between years 15 and 24 and US $146/ha from year 25 
onwards. Wood production is very low, consisting of the sale of the 50% of trees eliminated after 
20 years. On the other hand, the impact on crop yields is thought to be substantial, with at least 
twofold increases taking place within 10 years, between years 15 and 25 (Table 18). 
Table 18. Impact of Acacia albida plantations on browse, wood and crop production. 
Per ha Browse Crops Wood 
  Years 16-
25 
25 years Years 16-
25 
25 years 20th 
year 
Production (kg of 
DM) 
500a 1000a +60b/year 600b 5000c 
FU 350d   700d – – – 
DP   70e   140e – – – 
Value during 
development period 
(US $)b 
  73   146 +12/year 120    78 
a Based on production of 5 kg of DM per tree between years 16 and 20 (100 trees), 10 kg 
between years 20 and 25 (50 trees) and 20 kg thereafter. 
b Based on a doubling of yields in 10 years. ` 
c At a rate of 100 kg per tree eliminated. 
d Based on a nutritive value of the pods of 0.70 FU/kg of DM. ` 
e Based on a DP content of 200 g/FU. 
f Based on shadow prices of US $0.16/FU, US $0.24/kg of DP, US $0.20/kg of millet/sorghum 
and US $15.5/t of wood. 
Despite the length of the production cycle and the delay 
before Acacia albida plantations become productive, the IRR is generally higher than 10%, 
except when the plantations are supplied with barbed wire fencing (Table 19). It is even close to 
20% when no enclosures are used. This result is astonishing, if the very long-term impact on 
crop and animal production is taken into account, although this positive aspect has hardly any 
impact on IRR when the depreciation period is extended to 80 years. The reasons why the 
Sultan of Zinder, in Niger a century or so ago, decreed that anyone cutting down 
an Acacia albida tree would himself be decapitated can easily be understood. 
Table 19. Internal rates of return of Acacia albida plantations a  -in%- 
Enclosure 30 years b 80 years b 
Barbed wire   8.2 10.1 
Hedges 11.2 13.0 
No enclosure 19 19.9 
a Based on shadow prices of US $0.16/FU, US $0.24/kg of DP, US $0.20/kg of millet/sorghum 
and US $15.6/t of wood. 
b Project life. 
Since the value of a cash flow often becomes negligible after 30 years, the FU cost price 
calculation has been limited to a period of this length, although the actual life 
of Acacia albida is 80 years. Over 30 years, browse production alone is enough to guarantee 
financial equilibrium, even with an IRR of 15%, when no investment is made in enclosures. 
Taking into account the improvement in agricultural productivity lowers the FU and DP cost 
prices to below the shadow price when plantations are provided with thorny hedges (but not 
barbed wire fences) and the opportunity cost of capital is 10% (Table 20). In all other cases the 
FU and DP cost prices are well above the shadow prices adopted for the IRR calculation. In the 
most favourable cases the FU cost prices are US $0.03 and US $0.06, subtracting the 
improvement in crop yields. 
Table 20. Cost prices per FU and per kg of DP on Acacia 
albida plantationsa                                                                         -in US$- 
Enclosure IRR of 10% IRR of 15% 
  Crop yield 
improvement 
No crop yield 
improvement 
Crop yield 
improvement 
No crop yield 
improvement 
Barbed wire 0.28 0.42 0.91 1.03 
Hedges 0.09b 0.18 0.30 0.44 
No enclosure 0.03b 0.06b 0.10b 0.15b 
a Project life is 30 years. 
f FU and DP cost prices are lower than shadow prices. 
5. Other browse tree and shrub plantations 
Although their characteristics have been more widely studied and are therefore better 
understood, cacti, Atriplex and acacia are not the only species used for livestock feeds in Africa. 
Other examples can be cited, especially Prosopis and Leucaena, which have characteristics not 
fundamentally different from those analysed above. 
5.1 Prosopis plantations in the Cape Verde Islands 
Prosopis species closely resemble acacias in terms of the nutritive value of their leaves, 
branches and pods, although they tend to be less rich in protein (approximately 100 g of DP/ 
FU). Several species have been grown for browse in various arid zones throughout the world, 
especially Prosopis chilensis and P. juliflora in the arid tropics of Africa and the Middle East, P. 
cineraria in Asia and P. tamarugo in Chile. In the latter country some 30,000 ha of P. 
tamarugo have been planted in the northern Atacama desert, with a density usually around 100 
to 120 trees per ha. According to Robertson (1980), the establishment and maintenance costs 
of a plantation during the pre-development period are around US $0.32 per plant, i .e. US 
$32/ha for a density of 100 trees. Again according to Robertson, browse yields were 7 t/ha/year. 
According to Sabra (personal communication) establishing a plantation of Prosopis 
juliflora and Parkinsonia aculeata in an area of the Cape Verde Islands receiving 100 to 300 mm 
of rain per year costs on average about US $0.526 per plant for 500,000 trees, in other words 
US $210/ha for an average density of 400 trees per ha (plant spacing of 5 by 5 cm), which is 
thus far higher than the Chilean examples just cited. The costs are spread over 2 years, at US 
$150 for the first year and US $60 for the second. They include raising the plants in the nursery 
and transporting them to the planting site, soil preparation, digging of holes, water conservation 
measures, and finally, watering after planting out. Obviously no investment costs for enclosures 
are included. 
The minimum production estimated in preliminary studies (measurement of primary production 
and evaluation of secondary production) was around 2 t of DM, of which 1 t was actually 
consumable, i.e. 350 FU/ha or 0.35 FU/kg of DM between the sixth and twentieth year of the 
project (Le Houérou, 1980; Lepape, 1980), allowing a stocking rate of 1 sheep/ha/year. Wood 
production can be estimated at 400 kg of DM/ ha/year, i.e. 13 kg per tree (Table 21). 
Table 21. Production of wood and browse on Prosopis and Parkinsonia plantations in Cape 
Verde islands. 
Per ha Wood Browse 
Production (kg of DM) 1500 1,000 
FU a      350 
DP b        35 
Value during development period (US $)c     18.7      64.7 
a Based on a value of 0.35 FU/kg of DM. 
b Based on a value of 100 g of DP/kg of DM. 
C Based on shadow prices of US $0.16/FU, US $0.24/kg of DP and US $15.6/t of wood; the 
development period is from year 6 onwards. 
Operating costs can be estimated at US $5/ha/year for patrolling and US $12 for cutting 2.5 t of 
wood, i.e. US $5.5/ha during the development period. It has also been assumed that the 
production losses due to non-utilization of the grass stratum during the pre-development period 
amount to 100 FU/ ha/year with a DP content of 125 g/FU. 
The IRR is higher than 20% when the plantation is without enclosures, falling to somewhat less 
than 10% when barbed wire fences are used and 12% for thorn hedges (Table 22). Given the 
relatively low production levels it is possible to achieve in the arid zone, installing enclosures, 
especially barbed wire, would remove some of the financial attractiveness from this operation. 
Average FU and DP cost prices, often higher than the shadow prices, nevertheless fall to under 
US $0.10/FU (or even US $0.05) when plantations are left without enclosures and the 
opportunity cost of capital is 10% (Table 23). 
  
Table 22. Internal rates of return on Prosopis plantations a      -in%- 
Enclosure IRR 
Barbed wire   9.6 
Hedges 12.4 
No enclosure 20.9 
a Project life is 20 years shadow prices are US $0.16/FU, US $0.24/kg of DP and US $15.6/t of 
wood. 
Table 23. Cost prices per FU and per kg of DP on Prosopis plantations in Cape Verde 
islands a                                            - in US $/FU - 
IRR IRR of 10% IRR of 15% 
Wood production Yes No Yes No 
Barbed wire 0.17 0.19 0.29 0.32 
Hedges 0.12b 0.15b 0 23 0.26 
No enclosure 0.05b 0.08b 0.09b 0.12b 
a DP cost price is assumed to be 1.5 times greater than FU cost price. 
b FU and DP cost prices are lower than shadow prices. 
5.2 Leucaena plantations in Malawi 
Leucaena leucocephala is a leguminous tree of central American origin, found only in the 
subhumid and humid tropics between 600 and 1800 mm of rainfall. It can be used for producing 
both wood and browse. It gives not only a browse product of high quality, with a protein content 
similar to that of lucerne (25% CP), but also a high yield, reaching 20 
t/ha/year, Leucaena nonetheless contains a toxic amino acid, mimosine, which limits the 
proportion it is advisable to include in the feed ration of ruminants to a maximum of 30%, 
expressed in DM. 
A project involving small plantations managed by peasants was launched in Malawi during the 
1970s in order to boost the national production of feed bran. According to Beale (1980), 
investment costs can be estimated at US $272318/ha, of which US $93 to 151 were devoted to 
the enclosures deemed necessary to protect the plants from being damaged by goats. 
However, these costs would probably have been considerably reduced (perhaps by 50%) if 
large-scale plantations had been involved, allowing substantial economies of scale, especially 
for enclosures. Operating costs were estimated at US $66/ha/year for a production of around 2 
to 3 t of DM per ha. The leaves are purchased from producers at US $0.08/ kg of DM, while the 
wood is not sold commercially, being used for drying the leaves. The sale of the latter shows a 
return of US $160 to 240/ha/year for the smallholdings financed by the project. 
As a cash crop Leucaena leaves were considered the best production alternative, allowing small 
farmers to make a net profit of US $153/ha, whereas under local conditions profits from mixed 
farming are barely over US $120/ha. 
7. Conclusions 
It is difficult to throw very much light on the economic value of browse tree and bush plantations 
owing to the unreliable nature of the data used for the IRR calculations. The most consistent 
estimates are those relating to operating costs, but this is primarily because they were usually 
carried out by ourselves owing to the lack of concrete information. In general terms it was 
assumed that these costs were fairly low owing to the extensive nature of the plantations 
studied, the fact that labour requirements to protect them and ensure their productive output are 
fairly modest, and that labour costs in Africa are in any case low. It is possible that operating 
costs have been underestimated in several cases, a factor which will have overvalued 
profitability. 
Estimates for investment costs, largely based on concrete examples, are more widely 
dispersed. In general terms the cost of establishing a plantation in Africa appears to stand at 
between US $200 and 500/ha excluding enclosures, with some exceptionally high value (Acacia 
cyanophylla, US $610) and others which are very low (A. albida, US $55; Leucaena 
leucocephala, US $150). Unit costs nevertheless appear less widely dispersed, usually varying 
around US $0.50 per plant, with some values appreciably lower (US $0.20-0.25) when the 
planting density is high, as for cactus andAtriplex, or when planting is carried out by direct 
drilling and not by transplanting young plants raised in the nursery (Leucaena 
leucocephala and A. semibaccata). Direct drilling, which is very much less expensive, cannot be 
used for the time being in the semiarid and arid zones of tropical Africa, where it is too risky. In 
areas where rainfall is unreliable even transplanting nursery plants is not without risk of failure, 
and so requires special care (the plants must be watered) to ensure survival. As a result tree 
and shrub plantations in these areas are fairly expensive. A second factor further increases the 
establishment cost of plantations in Africa, namely the cost price of barbed wire fencing. An 
alternative solution can be used, consisting of planting thorn hedges. However, this solution has 
the drawback of prolonging the non-productive pre-development period. In short, it may be 
estimated that in Africa a browse tree or bush plantation with a density of 1000 stocks per ha 
costs on average US $500/ha without expenditure on enclosures, and that establishment costs 
can double when the plantation is equipped with barbed wire fencing. 
Evaluating production also posed a number of problems. The yields of browse trees and shrubs 
vary enormously under different ecological and management conditions, so that sometimes we 
have been led to assume several different levels of production in order to cover the range of 
yields possible at given levels of technology. To this initial cause of uncertainty may be added 
the further difficulty of estimating forage shadow prices. The criterion adopted, prices on the 
world market, has certain drawbacks since the resulting shadow prices are fairly high given 
animal feed conditions in Africa. Naturally the prices adopted have some impact on the 
profitability of the operation under study. In any case these operations can probably only be 
justified if browse plants are treated as a supplementary feed supply to replace concentrates 
during a drought period, which is after all their most important function. 
A related problem arises in the form of non-utilization of the grass stratum, the value of which 
has been estimated on the basis of the same shadow prices as those used to assess browse 
production, a questionable assumption since the grass stratum can never fulfill the same 
function as browse plants. As has been seen, this assumption was based mainly on the idea 
that grass is becoming scarce in tropical Africa, so that browse should not be produced to the 
detriment of grass but rather as a complement to it, enabling livestock to be supplied with forage 
throughout the year at reasonably low cost. Estimating cost prices on the basis of the more 
easily determined opportunity cost of capital not only obviated the need to rely on shadow prices 
which were more or less insignificant, but also provided a range of prices, which turned out to 
be a more useful approach. Uncertainties regarding investment costs and the level of browse 
yields have also been used to analyse the sensitivity of browse cost prices, with the different 
figures being considered as variables illustrating profitability thresholds, which can thus be 
determined. 
The IRR thus appears extremely sensitive to variations in investment costs and browse yields, 
especially when these are low. This emerges clearly from Table 24, which reproduces variations 
in average IRR for different plantations as a function of investment and yield variations. 
According to these results the IRR falls by 0.6% when investment costs rise by 1%. IRR 
variations in relation to browse yields are even stronger, especially when these are low. The 
IRR thus doubles when browse production moves from 500 to 1000 FU/ha, and increase by 
almost 70% when production rises from 1000 to 2000 FU/ha. If a level of 10 or even 15% is 
identified as the minimum IRR, it appears that on the basis of the FU and DP shadow prices 
adopted the profitability of browse plantations is assured at all production levels (except in the 
case of cacti and Acacia cyanophylla) when investment costs do not include enclosures, and 
that this threshold generally seems to rise to 1000 FU when investments include barbed wire 
fences. Using hedges instead helps to improve IRR slightly, but even with them it usually 
remains below 10% (Table 25). 
Table 24. Impact of investment costs and yields on IRR for browse tree and shrub 
plantations a                                                                           - in %  
  Investment Production 
  No enclosure Barbed 
wire 
500 FU 1000 
FU 
2000 FU 
Tunisia 
  Cactus 
    Direct grazing – – 2.7 10.6 18.3 
    Cut-and-carry 5.8 4.6 0.1 0.1 7.8 
    Atriplex 25.6 21.4 12.4 22.4 31.4 
  Acacia cyanophylla 14.5 12.3 2.2 12.6 21.0 
Totalb 15.3 12.7 4.3 11.4 19.3 
Investment/ha (US $) 503 653       
Tropical Africa 
Phyllodineous acacia 22.5 12.1 10.6 22.9 – 
A. senegal 11.8 4.7       
A. albida 19.3 8.2       
Prosopis 20.9 9.6       
Total b 18.6 8.7 10.6 22.9   
Investment/ha (US $) 264 714       
a Project life is 20 years (for A. albida, 30 years); shadow prices are US $0.16/FU and US 
$0.24/kg of DP. 
b Average of IRRs. 
Table 25. Impact of forage yields and investment costs on IRR of browse tree and shrub 
plantations in Africa a                         -in%-) 
  Production of browse (FU) 
  < 500 500 1000 2000 3000 
Tunisia 
   Cactus 
    Direct grazing b – 2/3 10/11 17/19 21/23 
   Cut-and-carry c – 0/0 0/0 7/9 12/ 14 
Atriplex c – 11/14 20/24 29/34 – 
A. cyanophylla c – 1/3 12/14 20/22 – 
Tropical Africa 
Phyllodineous 
acacia 
– 7/9/16 17/19/29 – – 
A. Senegal d 5/7/13 – – – – 
A. albida d 8/11/19 – – – – 
Prosopis d 9/12/21 – – – – 
a Project life is 20 years (for A. albida, 30 years); shadow prices are US $0.16/FU and US 
$0.24/kg of DP. 
b Barbed wire fences/spiny cactus hedges. 
c Barbed wire fences/no enclosures. 
d Barbed wire fences/hedges/no enclosures. 
Cactus plantations raise several important points, amongst which the problem of the 
complementary production of wood or other products, the impact of the management method, 
whether direct grazing or cut-and-carry, and the utilization of the grass stratum. Among the 
various examples discussed cactus plantations appear to have the lowest IRR for a given level 
of browse production. The IRR for directly grazed plantations 11 is 17 to 19% in Tunisia, where 
output is 2000 FU/ year, fairly close to the IRR on Acacia cyanophylla plantations where output 
is 1500 FU and on Atriplexplantations where production is 1000 FU. Not only is cactus the only 
one of the species studied here to produce a rather poor quality feed owing to its low DP 
content, but also adopting a cut-and-carry system reduces net output of forage while incurring 
far heavier operating costs (US $0.08/FU produced). Profitability is thus severely handicapped, 
whatever the production level. For these reasons, unless rather high production levels are 
achieved for the extensive nature of the plantations and a strictly controlled management 
method is adopted, namely direct grazing, cactus plantations do not appear to produce browse 
at sufficiently cost to justify the level of investment required. 
11 Assuming that the technical constraint mentioned previously (risk of overgrazing) is removed. 
The situation appears better for most of the other browse species. Nonetheless, the extremely 
high cost of barbed wire fencing in tropical Africa and the prolonged unproductive period caused 
by introducing hedges handicap the financial viability of the management systems analysed 
here, given the limits on yields imposed by their extensive nature. As may be seen from Table 
26, in which the FU and DP cost prices for an IRR of 10% are outlined, browse production at 
under 500 FU/ year in no case justifies the expensive investment in enclosures normally 
required by browse tree and shrub plantations. This situation is probably still true even when 
production rises to 1000 FU/year, especially when establishing the plantation prevents utilization 
of the grass stratum (Acacia cyanophylla versus Atriplex or phyllodineous acacia). 
Table 26. Cost prices per FU and per kg of DP on browse tree and shrub plantations in Africa 
for IRR=10% a              - in US cents/FU    
  Browse production (FU) 
  <500 500 1000 2000 3000 
Tunisia 
  Cactus 
     Direct grazing c   b/b 16/14. 8/7   5/5 
     Cut-and-carry d   b/b b/b b/b 15/14 
Atriplex d 
   Wood production   15/11 7/6 4/3   
   No wood production   b/14 9/7 6/5   
Acacia cyanophylla d 
  Wood production   b/b 14/11 5/4   
  No wood production   b/b b/16 9/8   
Tropical Africa 
Phyllodineous acacia e 
  Wood production   b/b/10 9/8/4     
  No wood production   b/b/15 14/12/9     
Acacia senegal e 
  Gum and forage production b/b/b         
  Forage as a by-product of gum 
production 
b/b/10         
Acacia albida e 
 With improved crop production b/9/3         
 Without improved crop production b/b/6         
Prosopis e 
 With wood production b/12/5         
 Without wood production b/15/8         
a DP cost price is assumed to be 1.5 times higher than FU cost price; project life is 20 years 
(for A. albida, 30 years). 
b FU and DP cost prices are higher than shadow prices. 
C Barbed wire fences/spiny cactus hedges. 
d Barbed wire fences/no enclosures. 
e Barbed wire fences/hedges/no enclosures. 
The production of wood or other products at the same time as browse (for example the 
improvement in crop yields produced by Acacia albida) nevertheless appears in several cases 
to lower the FU and DP cost prices significantly, resulting in the improved financial viability of 
browse production. Nonetheless, given the production levels generally anticipated for tropical 
Africa, only plantations without enclosures appear able to produce browse at sufficiently low 
prices (under US $0.10/FU). 
A further factor which has not so far been quantified is that planting trees and shrubs in 
particularly arid zones is rather a risky undertaking. Risks can be indirectly taken into account by 
raising the opportunity cost of capital adopted for estimating the FU and DP cost prices. A 
comparison between the cost prices given in Tables 26 and 27, the latter of which uses an IRR 
of 15% instead of 10%, is interesting in this respect. It emerges that, except in a very few cases, 
browse production cannot be carried out at sufficiently low cost (under US $0.10/ FU) when 
yields are lower or equal to 500 FU. When yields are 1000 FU per year, FU cost prices are only 
lower than US $0.10 when conditions are at their most favourable, with no enclosures, 
simultaneous production of wood, and use of the grass stratum at the same time as production 
of browse. When the opportunity cost of capital is 15%, yields have to approach 1500 FU/ha 
before browse can be produced at prices which are low enough (under US $0.10), or even 2000 
FU when the grass stratum cannot be used at the same time as the browse (Acacia 
cyanophylla). 
Table 27. FU cost prices in browse tree and shrub plantations in Africa for IRR = 
15%a                                                                  - in US cents/FU - 
  Browse production (FU) 
  < 500 500 1000 2000 3000 
Tunisia 
Cactus 
Direct grazing c   b/b b/b 13/11 9/8 
Cut-and-carry d   b/b b/b b/b b/b 
Atriplex d 
With wood production   b/b 11/8 6/4   
Without wood production   b/b 13/10 8/6   
Acacia cyanophylla d 
With wood production   b/b b/b 19/8   
Without wood production   b/b b/b 14/12   
Tropical Africa           
Phyllodineous acacia e   b/b/15 13/12/7     
With wood production   b/b/15 13/12/7     
Without wood production   b/b/b b/b/11     
Acacia Senegal e 
Gum and browse production b/b/b         
Browse as by-product of gum 
production 
b/b/b         
Acacia albida e 
With improved crop yields b/b/10         
Without improved crop yields b/b/15         
Prosopis e 
With wood production b/b/8         
Without wood production b/b/10         
a DP cost price is assumed to be 1.5 times higher than FU cost price; project life is 20 years 
(for A. albida, 30 years). 
b FU and DP cost prices are higher than shadow prices. 
c Barbed wire fences/spiny cactus hedges. 
d Barbed wire fences/no enclosures. 
e Barbed wire fences/hedges/no enclosures. 
To sum up, the economic viability of browse tree and shrub plantations appears uncertain from 
many aspects, when all the factors liable to limit profitability under current African conditions are 
taken into account. Given environmental constraints, initial efforts to improve this situation 
should probably involve lowering the investment cost of enclosures and maintaining the option 
to use the grass stratum, so that investment expenditure is kept at sufficiently low level not only 
to enable growth of net forage output to be maximized, but also to provide a high-quality supply 
during periods when livestock are severely underfed. Seen from this angle, browse tree and 
shrub plantations would appear to provide some solution, and probably a more efficient one 
than the unreliable supply of feed concentrates, to the problems of livestock feed in Africa. 
Indeed, their potential contribution to the avoidance of severe herd losses during periods of 
drought is a major point in their favour, since the elimination of such losses would undoubtedly 
have positive effects on herd productivity over the medium and longer term. Again, the value of 
browse plantations is undeniable if their other advantages in terms of energy supplies (wood) 
and environmental protection are also taken into account. Efforts should therefore be made to 
gain a better understanding of the very real opportunities offered by various species, and of the 
conditions under which they can grow and be used to help satisfy the vast browse and energy 
requirements of the arid, semi-arid and highland zones of tropical Africa. 
However optimistic, such a prospect nevertheless leaves unsolved the problem of effectively 
implementing plantations and organizing their utilization by the pastoral population. Utilization 
would under any circumstances have to rely on a fair price for the services rendered. 
Annex I 
Determination of shadow fu and DP prices 
The feed value of livestock feeds, expressed in forage units (FU) and digestible protein (DP), 
can be estimated from data published in the literature, with particular reference to animals in the 
temperate zones. It should be recalled that 1 FU is equal to 1650 calories for ruminants, 
corresponding to the energy supplied by 1 kg of barley (1 FU is equivalent to 0.7 of a Kellner 
starch unit) and that DP is a measure of protein-producing nitrogen generally expressed in 
grams per kg of DM. The DP and FU shadow prices can be evaluated by taking into account the 
FU and DP contained in 100 kg of feed with a low DP content (mainly cereal brans) and a high 
DP content (oil cakes, meat meal). Taking into account livestock feed prices on the world 
market in 1979, the equations are as follows, such as they can be estimated from import unit 
values derived from FAO statistics (Trade Yearbooks). 
A. Feeds with a low protein content. Brans and other byproducts (unit value of imports = US 
$0.136/kg). 
(1)               136 = 750 FU + 80 DP 
B. Feed with a high protein content. 
Groundnut cake   = 193.2 = 994 FU + 413 DP 
Copra cake          = 164.6 = 901 FU + 165 DP 
Cottonseed cake = 178.3 = 902 FU + 292 DP 
Palm oil cake       = 148.5 = 837 FU + 134 DP 
Meat meal            = 261.1 = 818 FU + 580 DP 
(2) Average 189.1 = 890 FU + 318 DP 
Resolving equations (1) and (2) results in the following estimate for 1979: FU and DP shadow 
prices were US $0.156 and US $0.240 respectively. This was the approach followed to estimate 
the FU and DP prices reproduced in Table 1. 
  
Annex II 
1980 prices of marketed forages and other products 
Tunisia l 
Barley grain, TD 0.055/kg = US $0.137/kg 
Wheat bran, TD 0.020/kg = US $0.05/kg 
Soya bean cake TD 0.65 to 0.90/kg = US $0.165 to US $0.225/kg 
Industrial fattening concentrate. TD 0.0435/kg = US $0.110/kg 
Industrial milk concentrate, TD 0.0484/kg = US $0.121/kg 
Cactus joints (1 kg) 
  Purchase TD 0.010 
  Transport TD 0.010 
  Total TD 0.020 = US $0.050/kg 
FU Cost price 
Perennial 
Sown pastures,               TD 0.028 - 0.090 = US $0.070 - 0.225/kg 
Cactus,                          TD 0.029 - 0.057 = US $0.072 -0.142/kg 
Atriplex                          TD 0.009 - 0.018 = US $0.022 - 0.045/kg 
Acacia                           TD 0.007 - 0.013 = US $0.017 - 0.032/kg 
Cultivated forage (vetch oats), TD 0.040 -0.065 = US $0.100 - 0.162/kg 
Meat on the hoof, TD 0.9/kg = US $2.25/kg 
Barbed wire fence (4 strands), TD 0.360/m = US $0.95/m 
Ensiled forage unit (underground silo) (1979), TD 0.0532 = US $0.132/FU 
Forage unit of hay (vetch oats), TD 0.070 (2) = US $0.175/FU 
Senegal3 
Maize grain, 50 CFAF/kg = US $0.250/kg 
Grain sorghum, 42 CFAF/kg = US $0.210/kg 
Millet grain, 35 CFAF/kg = US $0.180/kg 
Fine millet bran, 13 CFAF/kg = US $0.165/kg 
Coarse millet bran, 11.5 CFAF/kg = US $0.157/kg 
Cottonseed, 55 CFAF/kg = US $0.0275/kg 
Groundnut cake, 47 CFAF/kg = US $0.235/kg 
Molasses, 30 CFAF/kg = US $0.144/kg 
Molasses (factory gate), 15 CFAF/kg = US $0.072/kg 
Faidherbia albida pods, 45 CFAF/kg =US $0.225/kg 
Urea, 25 CFAF/kg = US $0.125/kg 
Firewood, CFAF 4.5 to 15.0/kg = US $0.022 to0.075/kg 
Charcoal, 25 CFAF = US $0.125/kg 
Gum arabic, CFAF 175 to 180/kg = US $0.87 to 0.90/kg 
Barbed wire fence (installed),100 CFAF/m (1m ~l kg) = US $5/m 
Forest plants (from nursery),CFAF 25-45/plant = US $0.125 to 0.225/plant 
Producer price for meat on the hoof, CFAF 135 to 140/kg = US $0.575 to 0.700/kg 
1 Figures provided by R. Delhaye. 
2 According to D. Scheweisguth (1980). 
3 Figures provided by 0. Hamel. 
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1. Introduction 
Development programmes typically respond to problems of environmental degradation in the 
arid zones of Africa and Asia by attempting to institute radical technological change. Western 
methods of production, however, often prove difficult to integrate with the existing production 
systems in these ranges. As a result, relatively few introduced changes have become 
established as permanent improvements in ranges where traditional husbandry persists. In 
addition, because of resource poverty and the long history of exploitation, rangeland 
ecosystems under traditional management are complex and fragile. As a number of authors 
point out, the development changes designed to increase production in these ranges have 
sometimes actually occasioned more harm than good through disrupting the previously 
balanced ecological relationship (Baker, 1976; Ormerod,1975; Sebania, ms.). Overall, despite 
massive interventions, the cycle of overstocking, overgrazing, and subsequent desertification in 
arid zones generally continues, or progressively worsens. 
The stated or implied goals of pastoral development projects generally include reversing the 
effects of mismanagement and establishing sustained-yield production systems. Because of 
problems in the transfer of technology, however, these goals may be unattainable unless 
sweeping social and ecological changes are also imposed. The problems of resource decline 
and desertification in ranges may thus have to be solved by radically altering traditional ways of 
life. Nonetheless, the costs and potentially ramifying outcomes of major changes in fragile 
ecosystems are likely to be great, and, in practice, it is not always possible to justify some types 
of intervention in particular cases because of the social, economic, or ecological price of 
change. There is, consequently, a need to develop alternative or modified strategies to 
supplement and facilitate the process of development, without adding to the already great 
disruption. In some marginal areas, for example, a pragmatic solution to the current problems of 
pastoralism may include readjusting systems to conform to and make use of earlier 
management patterns already proven adaptive, alongside the introduction of more recently 
developed techniques of plantation and grazing rotation. 
Adaptive processes in rangelands under traditional management, and the ecological 
significance of established production systems, have generally been ignored in development 
projects. Previous relations, of course, may no longer appear effective in the face of recent 
disruption. Traditional management strategies are also often fundamentally different from 
accepted western ranching practices. In particular, the "opportunistic" strategy of allowing herd 
sizes to fluctuate with resource availability is a basic adaptation of traditional pastoralism. This 
strategy, however, has the potential to be extremely disruptive, especially when veterinary and 
water improvement programmes alleviate natural constraints on animal numbers. In addition, 
opportunistic husbandry can at best produce only fluctuating returns, thereby failing to maximize 
the value of production, at least in market terms. For these reasons, with the exception of 
traditional redistribution mechanisms (Mort, 1976), and nomadic and transhumant movement 
patterns (Novikoff, 1976), little attention has been given in development to the past ecological 
rationale or future usefulness of traditional management, despite its long tenure as a basic 
subsistence adaptation to arid rangelands. 
2. Adaptive patterns in rangeland ecosystems 
Archeological evidence places the origin of pastoralism at about 10,000 B.C. in various 
locations throughout the Middle East. The rapid or gradual introduction of pastoral production in 
these rangelands, which in many areas had already existed for millennia (e.g., Nicklewski and 
Van Zeist,1976; Van Zeist, 1963), but which also expanded widely under human use and 
climatic variations (Brice, 1978), constituted an invasion with major consequences for these 
ecosystems including vegetation change and degradation. Similar processes have ensued, for 
example, following recent introductions of feral goats on Pacific and Atlantic islands and sheep 
and rabbits on Australian ranges. As regular patterns of grazing were established around 
Neolithic villages and subsequently along nomad migration routes, however, complexly 
ramifying adaptive and co-adaptive responses in all components of these ecosystems emerged 
and developed, at least until present external disruptions intervened. 
While ranching in the west is a relatively recent phenomenon, traditional husbandry is an 
ancient subsistence adaptation that has enabled people to survive in deserts and to exploit arid 
zone resources for millennia in the ranges of Africa and Asia. Because of this long history of 
exploitation, plants and animals in African and Asian rangelands have been subject to selective 
pressures brought on by pastoral production systems for substantial, if varying, periods of time. 
Consequently, the ecological characteristics of all components of rangelands under traditional 
management — including range plants, domesticated animals, and human societies — result 
from long-term and complex species interactions. My basic hypothesis on the ecology of 
pastoralism is that, with the advent of herding, all species in these ranges adapted in new 
directions in response to ecological stresses and interactions generated by the permanent 
establishment of domesticated herds. Current ecological patterns in these ranges reflect these 
historical processes, as well as more recent changes originating from outside the system. 
At present, African and Middle Eastern ranges are potentially more productive under modern 
management -adaptive processes do not necessarily optimize productivity. Even further, 
progressive vegetation decline is a common feature of some areas under traditional 
management and the hypothesis of co-adaptation clearly does not suggest a past ecological 
stability in ranges. Co-evolution does imply, however, that before recent ecological changes, the 
existing interactions among species in arid zones approached a long-term optimum for the 
environmental and social conditions faced. 
As an alternative strategy of improvement, development changes that incorporate past 
adaptations will be easier to integrate in the ranges. Even where substantial changes are clearly 
necessary and pragmatic, the process of change will be more efficient if existing relations are 
understood and used to advantage. Ultimately, the revitalization of traditional management, in 
coordination with programs of technological change designed to correct specific problems of 
existing systems rather than to remark them completely, will enable planners to make the most 
of the available productivity of marginal and fragile dry lands. Such tactics will also contribute 
the least to further disruption. 
In this paper, rather than attempting to make specific management proposals, I present a model 
of species interactions in rangelands under traditional management. I then apply this model to a 
discussion of research on pastoralism in the Turan Biosphere Reserve, Iran, in comparison to 
some limited available material from other ranges. This comparison indicates, in a preliminary 
fashion, how some cultural, historical and ecological variables can influence the general 
relationship between a pastoral society and the environment, and in particular how these factors 
may influence the pattern of range degradation. 
2.1 The evolutionary approach in ecology 
To explore adaptive interactions in rangelands, and assess their potential significance for 
development programs, the ecosystem approach favoured in both range science and 
anthropology can be supplemented with an explicitly Darwinian view of ecology (Orians and 
Solbrig, 1977). In evolutionary ecology, the characteristics of organisms are seen as shaped by 
the process of natural selection acting on genetic variations in a population over succeeding 
generations. 
This process of selection involves differential survival and reproductive success among 
individuals competing for limited resources and facing climatic constraints on increase in 
numbers. Selection results in progressive genetic changes in the population as particular 
characteristics are favoured. In anthropology, the evolution approach has also been extended to 
include the interpretation of adaptive features of cultural behavior (e. g., Irons and Chagnon, 
1979). As a matter of definition, those characteristics of organisms directly determined by 
natural selection are termed strategies(Cody, 1966, Harper, 1967 and Ogden, 1970 Orians and 
Solbrig, 1977). In the context of rangeland ecosystems under traditional management, 
evolutionary ecology can contribute an understanding of the herding and husbanding strategies 
used by traditional pastoralists to exploit arid zone resources, the foraging strategies of 
domestic animals, and the anti-herbivore and life history strategies of range plants. 
2.2 Range vegetation 
Plant adaptations to intensified herbivory include the production of toxic secondary compounds 
end the growth of spines (Harper, 1977; Janzen, 1977; Rosenthal and Janzen, 1979). Other life 
history adaptations include strategies of escape in space and time. Examples of such strategies 
are seed dispersal patterns which increase herbivore search time, and the synchronous "glut" 
production of leaves, seeds, or seedlings such that available herbivores are unable to consume 
them all the strategy of "satiation" (Harper, 1977). 
Under conditions of rangeland degradation, plants whose previous adaptations enabled them to 
survive the new pressures of pastoral production may have increased relative to favoured 
forage species, as has clearly occurred in the ranges of the American West and Australia (Low, 
1977). Alternatively, in older pastoral systems, range plants may have coevolved with domestic 
herbivores and plant defenses such as toxicity have evolved specifically in adaptation to the 
foraging pressures of domesticated animals. This evolutionary relationship between plants and 
animals may be relatively stable, or may fluctuate in a cycle. For example, satiation of 
domesticated herbivores by shrub seedlings may be successful only following stock depletion in 
periods of droughts or insecurity, resulting in rare pulses of seedling establishment rather than 
steady replacement of a population. Alternatively, of course, range deterioration may be 
progressive, for example where camel and goat pastoralists occupy degraded cattle ranges 
(e.g., Legresse, 1973). 
Overall, the extent of co-adaptation and the relative stability of rangeland vegetation may vary 
considerably under traditional exploitation. The precise character of the relationship depends in 
part on the relative time depth of pastoral production in a particular location, with older systems 
having achieved some measure of balance through plant adaptations of toxicity. Edaphic and 
social factors are also important. For example, complexly varying patterns of settlement and 
migration, themselves dependent on factors of water availability, strongly influence the spatial 
impact of exploitation on range vegetation (Barker and Lange, 1969; Hamilton and Watt, 1970; 
Spencer, 1973). 
2.3 Domesticated animals 
Animals respond to the altered selection pressures generated by domestication through 
resource partitioning among different species herded, as well as through partitioning among 
age/sex categories. Evolution of specific foraging strategies and physiological adaptations, such 
as alterations in gut microflora or maintenance of fat reserves, permit animals to feed on 
available vegetation, which is generally toxic, depleted, and of poor nutritional quality (Ferguson, 
1971; Freeland and Janzen, 1974; Westoby, 1974; see also papers in Montgomery, 1978). 
2.4 Traditional management systems 
Finally, pastoralists themselves have evolved management strategies optimizing plant-animal 
relationships under .a variety of constraints including paucity and variability of resources, 
location of settlement and water, availability of technology, scarcity of labour, subsistence and 
market demands on production, political insecurity, and government policy. Sandford (1978) 
defines two basic husbanding strategies in which pastoralists make decisions about herd size, 
composition, and migrations. Conservative husbandry, generally favoured by range scientists, 
involves maintaining a fairly constant herd size below carrying capacity and using less than the 
maximum possible vegetation at any one time in order to conserve resources for future benefit. 
This strategy is generally employed under conditions of relative resource stability and 
permanence of site occupation (e. g., Janzen, 1978), and represent a form of K-selection 1. 
Opportunist husbandry, r-selected, involves maximizing herd reproduction and mobility in the 
face of strong spatio-temporal resource fluctuations and transience of site occupation, due, for 
example, to insecurity. Husbanding strategies in most societies, of course, occupy a position on 
a scale somewhere between these two extremes. 
1K-and r-selection are terms derived from the parameters of the logistic equation for population 
growth under resource constraints. K-selection occurs when a population is near carrying 
capacity, resources are stable, and competitive specializations are favored, while r-selection 
occurs when high reproductive rates are favored under conditions of resources flux (Pianka, 
1970; Wilson and Bossert, 1971). 
Day-to-day herding strategies employed by shepherds may involve local habitat division and 
consequent dispersion of foraging pressure. Herding strategies exploit variations in animal 
foraging patterns and local variations in resource distributions to maximize production and, 
possibly to minimize the impact of herd activity on vegetation. Herding and husbanding are 
essentially complementary, but where settlements are permanent or migration is regular and 
restricted as a result of competition for use of the range by neighbouring groups, husbandry is 
likely to be conservative and the local, K-selected herding strategies may be especially 
significant. 
The choice of which overall strategy to follow in any particular circumstance depends on a 
pastoralist's perception of how to make the most of available resources under substantial social 
and ecological constraints on production. It should be recognized, however, that traditional 
husbandry practices, both opportunist and conservative, reflect adaptive responses to basic 
characteristics of arid zone vegetation. In particular, opportunist strategies optimize the use of 
highly variable plant resources by exploiting shrub productivity and seedling crops to the 
maximum, but at the same time allowing seedling reestablishment in pulses after drought and 
other occasional disasters that temporarily reduce herd size. Conservative strategies optimize 
the use of vegetation resources where the possibility of movement to other pastures is 
restricted. This strategy probably permits yearly shrub seedling recruitment and the 
development of the stable age structure in shrub populations. 
In what follows, I interpret results of preliminary research on traditional pastoralism in Iran in 
terms of the preceding model. These initial data, from a single site, are presented to suggest the 
complexity of ecological interactions among plants, animals, and herders in an Iranian range 
where pastoral production has presumably occurred over a substantial time period. These 
relationships indicate extensive co-adaptations, and some features of these interactions appear 
to contrast with the ecology of pastoralism in marginal areas in Africa, particularly in terms of the 
pattern of range degradation. This contrast, developed below, is tentative. It is likely, of course, 
that site-to-site variations within African and Middle Eastern ranges are as variable as the broad 
contrasts I draw, which are further complicated by recent changes. The comparison is offered, 
however, as an indication of how differences in the relationship between a pastoral society and 
the environment may result from variations in cultural, historical, and ecological factors. These 
variations represent potential lines of study for continued ecological research on pastoralism. 
3. Ecology of domesticated animals in the Turan Biosphere Reserve, Iran 
In short periods of fieldwork in 1976 and 1978, I initiated research on the ecology of 
domesticated sheep and goats in the Turan Biosphere Reserve (TBR), in northeastern Iran. 
This research forms the basis of a long-term projected case study of the interrelationships 
among traditional management practices, domesticated animals, and range vegetation. TBR is 
located south of the cities of Shahrud and Sabzevar on the edge of the central playa or salt 
desert of Iran (Dasht Kevir). This area receives 100-200 mm of annual precipitation which falls 
unimodally in winter. Range vegetation in TBR is low shrubland of approximately 20a/o cover, 
dominated by Artemisia herba alba, Zygophyllum eurypterum, and chenopods such as Salsola 
aurantiaca. Pteropyrum richterl and, A. mydagulus lycoides are a common shrub association in 
dry streambeds. Large wild herbivores in TBR include jebeer and goitered gazelle (Gazella 
dorcas and G. subgutturosa, respectively), onager (Equus hemionus), and urial 
(Ovis orientalis). Feral camels live in some areas. TBR is used as winter sheep range by 
transhumant herders from the Elburz Mountains to the west. The range is used throughout the 
year both by recently settled nomads who herd sheep, and by local villagers who practice a 
mixed subsistence and market agropastoral economy, herding goats and some sheep in the 
farmlands and at distant summer stations. 
My main study site in preliminary work was Sanjari, a small, isolated summer milking station 
next to a mountainside spring at 1300 m. This settlement faces out on rangelands sloping down 
to playa some 20 km away, and is located 20 km from the main cluster of villages in the district 
of Tauran. Flocks owned by a resident of Tauran are herded at Sanjyri from April through 
October. During the winter, the animals are kept in a covered pen, called aghol, 5 km from the 
summer station. Activity at Sanjari focuses exclusively on pastoralism. The flocks are tended by 
hired shepherds and by the young sons of the owner. Lactating animals are milked, and women 
in the owner's family process the milk into clarified butter and other products. Firewood is cut as 
fuel in milk processing. 
In 1976, there were 1100 animals herded at Sanjari, goats outnumbering sheep 4:1. In summer, 
the animals are divided into the following three herds, each of which is tended by a different 
shepherd: 1) the goat herd consisting of 300 milch does and 200 geldings and non-lactating 
does, accompanied by approximately 20 rams, 2) the sheep herd consisting of 200 ewes and 
lambs accompanied by approximately 30 buck-goats, and 3) the kid herd consisting of 300 kids 
under one year old. Bucks and rams are not herded with females of their species until autumn, 
presumably to ensure springtime births. 
In a total of 210 hours of observation on these animals conducted during 35 separate grazing 
periods, I recorded direction of herd movement, distance traveled by the herd, and shepherd 
activity. I also carried out a behaviour study of the goat herd based on a scan sample of 10 
animals recorded every 5 minutes during a 24 hour period (after Altmann, 1974). Additionally, I 
accumulated 27.5 hours of observation on the diet and foraging behavior of a total of 120 
animals from the three flocks. In this niche study, I followed individual animals for 20 minute 
periods or until it became impossible to observe the animal further. For each feeding event, I 
recorded the species eaten, the duration of the feeding event and the distance walked to the 
next plant (after Cody, 1974). Finally, to develop a preliminary description of the range 
vegetation around a pastoral camp, as basis for further work, I recorded plant densities and 
shrub canopy diameters in study plots located along radial lines drawn from Sanjari and 
its aghol. I also recorded similar measurements in a series of control plots parallel to the study 
axes at a distance of two kilometres, but including no central point of activity. These preliminary 
study plots were not set out randomly. 
3.1 Grazing cycle 
The daily summer grazing cycle at Sajari is distinctly patterned in space and time. All herds are 
on the range continuously except for two periods of the day. The herds return to the spring side 
in midmorning and again at mid-afternoon for watering, milking, rest and rumination, but camp 
out on the range overnight, grazing when moonlight permits. Since water and labour resources 
are localized at a specific point on the rangeland, grazing is spatially restricted to a mountain-
broken, semi-circular area with a maximum radius of approximately 3 km. Thus, herding and 
foraging strategies must optimize use of the vegetation near water. Herbivory and fuel cutting 
place substantial stress on this nearby vegetation, while areas farther from water are less 
heavily used. 
3.2 Foraging and management 
Late summer diet selection by sheep and goats overlaps considerably, largely due to heavy 
feeding by both species on ground forage. Ground forage consists of dried annuals and the leaf 
litter and seed falling from shrubs, and comprises 54% of goat diet and 59% of sheep diet. Both 
sheep and goats also browse extensively on Artemisia which provides 17% of goat diet and 
23% of sheep diet. Sheep and goats differ, however, in their preference for other browse 
species. Foraging goats and sheep move rapidly through plains areas, stopping briefly to feed 
on ground forage or Artetnisia. While crossing dry streambeds, however, goats may gather to 
feed on the large Pteropyrum and Amygdalus shrubs localized there. These species comprise 
22% of the goat diet but only 4% of the sheep diet. Sheep largely ignore streambed vegetation 
and specialize on Salsola auriantiaca, a sub-shrub occurring on the plains. This species 
provides 8% of the sheep diet but less than 1% of the goat diet. The remaining 6% of the goat 
diet is obtained from thirteen other shrubs; an additional three shrubs make up the remaining 
6% of the sheep diet. These patterns represent a sample of diet selection by all age-sex 
categories of animals combined by species. 
The separation of goats into flocks of adults and kids by herders brings out some additional, if 
minor, dietary differences. Adult goats force their way under shrubs to feed more extensively on 
denser ground forage protected there, whereas kids specialize on Amygdalus because 
shepherds herd them around and around in a gorge near camp where this species is abundant. 
In general, there are only a few significant differences in late summer dietary preferences 
between sheep and goats and among the different herds. Most importantly, goats prefer 
streambed shrubs while sheep prefer Salsola. There are slight additional differences in the 
dietary preferences of adult goats and kids. Overall, a considerable overlap in diet selection is 
apparently tolerable at this season. 
In addition to dietary choices, foraging behavior also needs to be considered in niche analysis. 
Comparing, data by species, sheep and goat foraging behaviour is similar for the available 
measures. Average speed of progression is 22 m/min for goats (does, geldings, and kids), and 
17.5 m/min for sheep (ewes and lambs). Mean duration of feeding events is 14.5 seconds for 
goats and 15.4 seconds for sheep. 
Whereas these differences in foraging behaviour between species are not significant, some 
differences among herds are significant. Average speed of progression is 25 m/min for the goat 
herd, 17.5 m/min for the sheep herd, and 14 m/min for the kid herd. Mean duration of feeding 
events is 12.5 seconds for adult goats, 15.4 seconds for sheep and 18.2 seconds for kids. 
These means for speed of progression and duration of feeding events are significantly different 
among the herds. The differences arise from the greater speed of adult goats as compared to 
sheep and kids, and from longer feeding events among kids as opposed to adult goats and 
sheep. 
Division of animals at Sanjari into herds of adult goats, sheep and kids, rather than into single 
species herds, results in the creation of groups that behave differently from one another with 
respect to resources. Essentially, the adult goat, sheep and kid herds can be described as fast, 
moderate and slow foragers, respectively. 
Presumably, herders initially separated kids from adult goats to divide up the herding labour and 
to prevent the kids from suckling after a certain age 2. Once the flocks have been separated, 
however, differences among herds in ecological characteristics of the animals can be taken 
advantage of in shepherding strategies. Adult goats march rapidly for the first (and last) 45 
minutes of grazing periods away from camp. During this time, one-third of an afternoon grazing 
period, they may cover 36 to 50% of the afternoon's distance and do as little as 5 to 8% of the 
afternoon's grazing. The shepherd contributes to this rapid movement by calling or chasing if an 
animal stops to forage too near the settlement. When grazing begins, goats continue to move 
rapidly. Overnight, having camped away from the spring, goats reach the outermost limit of the 
grazing range of Sanjari, approximately 3 km away from camp. Adult goats thus exploit areas 
not used by other herds. In contrast, kids begin foraging before they have traveled very far from 
camp and do not move very rapidly as they graze. The shepherd further restricts kid 
movements, keeping them near the spring. In sum, kids and adult goats eat largely the same 
food items but, as a result of being herded at different distances from the camp, they obtain their 
food from different places in the range. Sheep occupy an intermediate or overlapping position 
behaviourally and in terms of the way in which they are herded by shepherds. As stated, 
however, they differ somewhat from goats in their diet selection. 
2 Sheep's milk is less economically important than goat's milk as ewes stop lactating much 
earlier in the year than does. A similar division of ewes and lambs would not be equally 
rewarding. 
Apparently minor strategies of herd division, then, and the further exploitation of foraging 
differences among animals, are important ways in which human management efforts combine 
with animal adaptations to increase the capacity of herds to feed on available vegetation. Such 
strategies of resources partitioning broaden a pastoralist's exploitation of resources and help to 
increase carrying capacity by dividing up the range. These strategies may also somewhat 
diffuse the destructive impact of foraging. 
3.3 Vegetation 
In late summer, annual plants are infrequent near Sanjari and its aghol. The density of annuals 
both on exposed ground and in protected and relatively fertile locations under shrubs increases 
linearly, however, over distances of 1.5-2.0 km along radial lines from these central places. This 
pattern was not apparent in the parallel series of control plots, indicating that foraging by 
settlement-based domesticated animals may substantially alter the distribution of annual plants 
around these central places. 
The most heavily browsed plains shrub, Artemisia, is absent within 250 m of Sanjari, but is 
unusually abundant, in terms of many small plants, within 250 m of the aghol. Beyond this 250 
m interval, cover and density of this shrub do not show any patterned variation according to 
distance from central place — in this case Sanjari and the Aghol. In the control plots, Artemisia 
distribution and cover was highly variable between adjacent plots. A study of range ecology 
near Herat, Afghanistan, also indicated no correlation between Artemisia density and water 
location farther than 0.5 km from a central place (McArthur and Harrington, 1978). These data 
are consistent with observations of animal foraging behaviour which indicate that animals forage 
only very briefly on Artemisia and occasionally appear to reject it by smell. Both these lines of 
evidence suggest the possibility that Artemisia produces toxic secondary compounds which, 
while not preventing herbivory, may reduce it to levels individual plants can sustain, allowing this 
shrub to persist despite heavy browsing pressure. Similarly, Salsola, another frequently 
browsed plains species, is patchily abundant both near the central place and at the farthest 
extent of the grazing range. Again, this suggests that there is no clear relation between 
browsing pressure and shrub distribution. 
In contrast, Zygophyllum, a dominant shrub virtually never browsed by goats or sheep but cut 
extensively for firewood, is absent close to Sanjari, increasing in density and cover up to 1 km 
from the spring. Thus, cutting may locally increase shrub mortality to the point where the 
population cannot replace itself. 
Overall, degradation of vegetation for grazing and in terms of decreased availability of firewood 
appears to occur within 1.0-1.5 km of an exclusively pastoral site in TBR. The recovery of 
annual plants grazed by animals, and Zygophyllum cut for firewood, generally occur as linear 
functions of distance from the central place. The distribution and abundance of browse 
vegetation, however, appears to be little affected by settlement-based activity. Artemisia, in 
particular, recovers rapidly within short distances from the central places, and may even be an 
increaser under light browsing such as near the aghol. Most animals tend to march up to 1 km 
from camp before foraging, although kids are herded in the degraded areas. The fact that 
resource depletion, particularly in terms of browse, does not appear to be greater in a heavily 
used area of low resource availability, and that relatively depleted core areas remain usable as 
pastures for kids, is presumably due to plant adaptations minimizing the impact of herbivory and 
to animal and shepherd strategies of resources partitioning. This vegetation study, of course, is 
preliminary as yet and all inferences are conditional. Future work on vegetation will encompass 
research on plant chemistry as well as study of shrub recruitment patterns in springtime and 
other aspects of life history. 
  
4.Traditional management and patterns of range degradation 
Range use in this pastoral system in TBR involves a complex set of interrelated adaptations by 
pastoralists, their flocks and rangeland vegetation. The still-preliminary data from Sanjari 
suggest that, under regular and heavy browsing pressure from settlement-based domesticated 
animals, shrubs such as Artemisia have adapted through production of toxic secondary 
compounds which serve as anti-herbivore defenses, although this hypothesis remains to be 
tested. While degradation and possible plant counter-adaptations to herbivory have occurred 
over the long history of food production in Iran, at the same time, animal foraging patterns and 
traditional management techniques have also adapted to exploit remaining vegetation. In 
particular, shepherds take advantage of dietary and behavioural differences among animals to 
partition range resources and to optimize exploitation of the available vegetation. 
Studies of husbanding strategies in TBR have yet to be conducted. In general, however, 
rangeland in Iran is currently fully occupied by pastoral groups. While strictly patterned 
movement strategies enable some Iranian pastoralists to exploit seasonal resource variations 
(e. g., Barth, 1961), movements involving radical changeovers in the tribes, clans, or other 
groups occupying a range do not often occur. This implies that the strategy of overgrazing and 
then moving on to relatively undepleted areas is not always viable on the Iranian Plateau, 
although devastated areas certainly occur and destructive, opportunistic husbandry practices 
are reported (McArthur, Sayad, and Nawim, 1979). In these degraded and fully occupied ranges 
where traditional pastoral exploitation has occurred for up to 10,000 years under relatively 
heavy population pressures, some constraints on opportunism have evolved, and traditional 
management strategies may be relatively more conservative than in other areas. In the study 
reported here, conservatism may be reflected in the shepherd strategies for efficient exploitation 
of the range. 
At this point, while it is impossible to generalize from patterns reported for a single settlement to 
other areas, the overall significance of the evolutionary history of Iranian rangelands for 
development projects should nevertheless be clear. These ranges, however degraded from the 
pristine state, remain productive under traditional techniques due to extensive co-adaptation of 
management strategies, animal foraging, and plant defenses. Development projects in these 
ranges which disrupt previously established relationships clearly can have disastrously 
ramifying consequences, if long-established selective pressures on organisms are suddenly 
changed. Under these circumstances, the optimal strategy for pastoral development in marginal 
areas in Iran may involve making limited modifications of the present systems, with only those 
changes in husbandry being imposed that are specifically designed to increase the efficiency of 
existing pattern of browse exploitation. 
4.1 African ranges 
In contrast to the situation described here, in a preliminary fashion, for an Iranian range, 
settlement-based pastoral activity in African ranges is widely reported as being extremely 
destructive. In particular, where new boreholes have been sunk in nomad regions as part of 
development schemes, areas around these new permanent settlements may become rapidly 
denuded of vegetation through overstocking (Rapp, 1974; Baker, 1975). Only a minimal number 
of stock can subsequently be kept in such an area, and most animals are, in fact, maintained at 
substantial distances in foraherds. 
This apparent difference in the relationship between traditional management and vegetation 
degradation around permanent settlements in Iran and East Africa can be tentatively interpreted 
as the function of variations in a set of cultural, historical, and ecological factors. Pastoralism 
was introduced in Africa south of the Sahara only relatively recently (ca. 4,500–3,000 B.C.), 
although it is older in North Africa where cattle were present by 6,000 B. C. in the Saharan 
Neolithic "bovidian" period. In general, plant defenses countering the sporadic pressures of 
pastoralism, until recently typical of most African ranges, may not yet have evolved. Traditional 
husbanding practices in Africa are also characteristically opportunist, and high stocking levels 
frequently result in local degradation (Dahl and Hjort, 1976). In undisturbed systems, however, 
droughts periodically eliminate substantial portions of herds, nomadic movements take people 
and herds from depleted areas to fresh pastures as often as possible, and political uncertainties 
may sometimes curtail the use of large areas of rangeland. Field (1979), for example, reports 
that 40/0 of rangelands in the Mt. Kulal Biosphere Reserve, northern Kenya, is currently 
unoccupied and relatively undegraded due to conflicts among Gabra, Rendille, and Turkana 
tribes. A similar situation obtains in the contact zone between Afars and Issas in the middle and 
lower Awash Valley in Ethiopia( Le Houérou, 1980; in litt.). Consequently, pressure on browse 
species is irregular in these ranges, allowing periods of recuperation and seedling 
reestablishment following destructive overgrazing. Under these circumstances, which have 
prevailed until recently, conservative strategies of husbandry and herding do not materially 
improve local pastoral adaptations. Rather, a pastoralist's optimal strategy is to exploit a range 
area as fully as possible until drought or insecurity prevents him from doing so. 
In African ranges under traditional management, the ecology of range plants, domesticated 
animals, and systems of herding and husbanding may be closely integrated, but not generally 
through chemical co-adaptations between plants and animals and the development of relatively 
conservative management, as may be the case in the oldest pastoral systems. Integration in 
these ranges is instead often a function of ecological and political constraints on the opportunist 
management strategies which allow pastoralists to exploit the extreme spatio-temporal resource 
fluctuations characteristic of these ranges. As a consequence, under traditional management in 
Africa a patchy distribution of some devastated and some recovering ranges occurs. 
Progressive degradation of these ranges, however, is not necessarily the result of traditional 
patterns of human use per se, locally destructive though these patterns may be on occasion, 
because ecological and social processes in these systems allow for intermittent recovery as 
opposed to continuous decline. Progressive range degradation may be more often a function of 
radical changes in human use, such as sedentarization of nomads at boreholes, or severe areal 
restrictions on nomadism imposed by government policy. 
Because opportunist management in African ranges allows pastoralists to exploit the fluctuating 
productivity of these ranges, its potential value in development programmes is great. If sufficient 
control can be exercised on these systems, it may prove more profitable to reinforce these 
flexible strategies where they exist, rather than to replace them with conservative strategies of 
maintaining herds below a strictly defined carrying capacity (Sandford, 1978). Implementing 
efficient opportunist strategies, however, will require a major cooperative effort on the part of 
ecologists, anthropologists and planners. Obvious problems which can only be resolved by 
further research include the maintenance of browse populations with only occasional pulses of 
seedling recruitment, the destocking of ranges as drought sets in by means other than 
starvation, and the development of effective redistribution mechanism to tide people over the 
drought periods. 
Conclusions 
Ranges in Africa and Asia may continue to be productive under traditional management but may 
be unsuitable for modern pastoral technology, given serious cultural and ecological constraints 
on development that make many strategies of improvement impractical unless major socio-
cultural changes take place. This suggests that, in some cases, the emphasis in development 
planning should be shifted from the problems of supplementing traditional systems with modern 
techniques to include the problem of better understanding the dynamics of existing systems in 
order to increase their efficiency. For example, means of developing opportunist strategies into 
non-destructive and economically functional systems need to be found. 
It is sometimes suggested that anthropologists might serve development programmes by 
facilitating nomad acceptance of modern management strategies designed to produce 
sustained-yield pastoral ecosystems. This goal, however, may be premature in some areas. 
Given the significance of adaptive interactions among human management, domesticated 
animals, and range vegetation, and the importance of indigenous cultural factors in resource 
exploitation, anthropologists might be better employed in studies of the ecological and social 
context of pastoralism. In general, the variations in cultural, historical, and ecological factors that 
affect the relationship between pastoralists and the environment represents significant lines for 
continued ecological research. Ultimately, field research combining anthropological and 
ecological approaches can be used to guide experimental work on range ecology in such a way 
that existing practices and previous co-adaptations can be advantageously incorporated into 
management interventions, and as little additional disruption in the ecology of these areas 
brought about as possible. 
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Introduction 
Estimates of the fuel wood consumption in Africa for 1975 were 264,500 thousand cubic metres 
with consumption increasing, in line with population increase, at 1.7% per, year. Fuel wood use 
comprises 84% of total wood use in Africa (FAO, 1978). Assuming that the increase in the rate 
of consumption remains constant, the fuelwood requirement will double every 41 years. 
According to the same source, fuelwood consumption in Mali was 2,792 thousand cubic metres 
in 1975 and accounted for 91% of total wood use. It is estimated that annual demand is 
increasing at 2.3% per annum, equivalent to a doubling of demand in 30 years. The greatest 
demand is around established and developing urban centres and it is in these areas that 
attention has often been drawn to this phenomenon but few quantitative studies appear to have 
been made relating present consumption to future requirements and the potential effects on the 
livestock population. 
The study area 
Niono is a district administrative headquarters and the commercial and managerial focus for 
some sixty-five thousand hectares of rice cultivation. Its location in central Mali puts it in the 
southern Sahelian zone with long-term annual rainfall of 550 mm, although in recent years this 
has been reduced to a figure below 500 mm. 
In the ten-year period 1967–1976 the population of Niono increased at an annual rate of just 
over 8%, while during the period 1972–1976 it was in excess of 12%. As with many statistics in 
developing countries these figures need to be treated with caution: the bases for different years 
are rarely the same and the methodology is not always clear. However, by 1979 the population 
was probably of the order of 15,000 people. 
The natural vegetation, which has been cleared from much of the area, is typically Sahelian, 
some of the principal woody species being Acacia seyal, A. senegal, Balanites aegyptiaca, 
Boscia senegalensis, Commiphora africana, Combretum glutinosum, C. micranthum, Grewia 
bicolor, Pterocarpus lucens and Ziziphus mauritania. The discontinuous annual grass layer is 
dominated byAristida spp., Cenchrus biorus, Eragrostis tremula, 
Pennisetum spp. and Schoenfeldia gracilis (Hiernaux, 1978). 
By 1975 the vicinity of Niono had suffered, over a period in excess of 25 years, from the Anal 
effects of expansion of both irrigated cropping and of rain fed agriculture and the resultant 
increase in livestock numbers. A comparison of aerial photographs for the period 1952 to 1975 
showed that: irrigated areas under rice had more than doubled from 27,760 ha to 65;040 ha rain 
fed cropping had almost doubled from 140,780 ha. to 255,715 ha, and "degraded" areas (a 
subjective value based on reflectivity on the aerial photographs)1 had increased from 4.14% to 
26.23% of the area (Haywood, 1978). This more than 500 per cent increase in degradation is 
due to a combination of factors which include lowered rainfall, shorter fallow periods, increased 
livestock numbers, greater areas of cultivation and, of course, fuel wood use. 
1 Ground checking showed that such areas correspond to bare ground. 
Current fuel wood use and projected demand 
Observations were carried out on transport entries into Niono town over a period of a year from 
April 1979 to March 1980. Niono proved to be a particularly simple town to study on account of 
the canalisation of the irrigation scheme which limits the points of entry to three roads. A team of 
observers recorded all movements into the town for periods of six hours each, the period being 
randomised to cover most of the factors likely to affect traffic movement: day and night, working, 
market and rest days, Sundays and official holidays, rainy and dry days. The census was 
confined to transport movements relating to animals, these being by far the largest proportion of 
all transport entries into the town. We calculated that more than 185,000 such movements into 
the town were made during the year of observation, averaging 510 per day. Most of these 
movements (54%) related to transport of building materials, an eloquent enough expression of 
the rate at which the town is expanding and of the problems which can be expected as a result. 
Animal transport movements are largely by donkey cart, enabling one donkey to be between 
five and ten times more efficient as transport than by simple back packing. In the case of 
fuelwood transport we recorded 42 loads per day, each of 367 kg, equivalent to 5,622 tonnes of 
wood utilized by Niono in 1979/1980. Small amounts of wood transported by bicycle and by 
motorised vehicles were not included in this calculation but we estimate that the wood 
transported by donkeys is equivalent to about 95% of all wood transported. Total present 
fuelwood consumption of Niono can thus be put in the region of 6,000 t per year, equivalent to 
400 kg per inhabitant. The preferred (and almost the only) species used for fuel wood in the 
Niono area is Pterocarpus lucens. Although there appear to be no data on the density of this 
species, other Pterocarpus are described as medium-hard and medium-heavy with a green 
weight of 950-1,000 kg/m3 and an air dry weight at 12% moisture of 650-800 kg/m3 (Ministére de 
la Coopération, 1978). Thus, in terms of volume, present annual consumption is of the order of 
9,230-7,500 m3 for the whole town or 0.62-0.50 m3 per inhabitant 2. These figures compare well 
with other estimates of urban use where supplies are not yet extremely limited, for example in 
northern Nigeria where it is 0.63 m3/head (Davies, 1976) and in parts of northern Ethiopia where 
it is 0.62 m3 (Hunting Technical Services, 1976). Other figures, where wood is an extremely 
limited supply and where cattle dung is the principal fuel, are as low as 0.15 m3 (author's data 
for 1975 for Makalle in Tigre province, Ethiopia) and where it is still abundant as high as 1.5 
m3 (e.g. Gillet, in this symposium). 
2 i.e. about 1 kg DM/per person and per day, a figure in complete agreement with previous 
studies (Le Houérou, 1962). 
Projected demands for fuelwood for the 21-year period (using 1979 as the base year) to 2000 
assuming that individual consumption rates remain constant are shown in Table 1. This uses 
three constant growth rates for Niono, the more or less official figure of 8%, the more likely real 
figure of 12% and a possible accelerated increase of 16%. 
Table 1. Projected fuelwood demand (tonnes) for Niono at three different growth rates of the 
urban population (1979 population: 15,000). 
Population increase % Consumption in year (tonnes) 
  1980 1982 1985 1989 1994  2000 
8 6480 7558 9521 12954 19033 30203 
12 6720 8430 11843 18635 32841 64823 
16 6960 9365 14618 16460 55593 135447 
Effects on browse production 
The principal effects on browse production of fuelwood utilization are the direct ones of 
destruction of vegetation (or, at the best interpretation, of its normal annual increment). 
Subsidiary effects of trampling will be not inconsiderable in the future and the probable effects of 
erosion from decreased cover also need to be considered. In addition the feed requirements of 
the increased numbers of donkeys for transport and for breeding to maintain the numbers 
available for transport (a five to twenty-fold increase) will effectively reduce the carrying capacity 
for other species. The effects of donkeys will be particularly severe on some other preferred 
browse species such as Leptadenia hastata (Boudet and Leclerq, 1970). 
It is Pterocarpus lucens, however, which provides more than 90% of all the wood burnt as fuel in 
the Niono area. This is one of the most palatable and one of the most nutritious browse species, 
(Boudet and Leclerq, 1970; Le Houérou, 1979). Estimates of the annual increment of solid 
volume wood are not readily available for natural rangeland but it is probable that, under long-
term rainfall conditions of 550 mm, total annual increment is of the order of 1.0 m3/ha (Whittaker, 
1970). In the vegetation associations in which it occurs, Pterocarpus lucens contributes between 
3.0 and 61.0% of the total numbers of trees present, but provides from 12.0 to 9.0% of the aerial 
cover of all species (Hiernaux, 1980). For the purposes of this exercise I have assumed 
that Pterocarpus lucensprovides 20% of the total annual solid volume increment over the area in 
which it occurs, which is about 32% of the total land area of the Niono region. 
At the 1979 level of consumption it is apparent that the annual wood production of Pterocarpus 
lucens is being used from 37,500 ha of land. Figure 1 shows projections of the total area 
required for fuelwood consumption of Niono town at annual rates of increase of population of 
8,12 and 16% at various periods of time to the year 2000 A.D. At the middle, and most likely, 
rate of increase the annual solid volume increase of Pterocarpus lucens from almost 400,000 ha 
will be utilised; at the lower rate it will be 180,000 ha and at the higher rate one can predict the 
appalling figure of almost 800,000 ha. Even at the lowest rate of population increase the last 
figure will be achieved by about the year 2020 A.D. 
Removing the wood does, of course, mean removing foliar growth, or the potential for foliar 
growth, or the potential for foliar growth. Average foliar dry matter production for Pterocarpus 
lucens is of the order of 2.5 kg per tree (Hiernaux, pers. comm.) and there are about 90 trees 
of P. lucens per hectare over the area on which it occurs (Hiernaux, 1980). Using these data the 
annual potential foliar dry matter production lost as a result of fuelwood consumption can be 
calculated and is shown in Table 2. 
Table 2. Projected losses of foliar dry matter production (tonnes) from utilization of Pterocarpus 
lucens for fuelwood at different rates of growth of the Niono population. 
Population increase 
% 
Loss of potential foliar dry matter production (tonnes) 
  1980 1982 1085 1989 1994 2000 
8 8883 10361 13052 17757 26091 41403 
12 9212 11556 16235 25546 45020 18862 
16 9541 12838 20039 36284 76209 185675 
 
Figure 1. Projected area of land required for fuelwood at three different rates of growth of the 
Niono population 
Based on a composite chemical analysis of the edible parts of Pterocarpus lucens given by Le 
Houérou (1979) the total loss of nutrients resulting from a projected Niono population increase 
of 12% is shown in Table 3. 
Table 3. Reduction in livestock nutrient availability from Pterocarpus lucens as a result of 
fuelwood use at an annual increase of 12% of the Niono population 
Chemical data Reduction in availability (tonnes) of nutrients for specified years 
Component % of DM 1980 1982 1985 1989 1994 2000 
Dry matter   9212 11556 16235 25546 45020 88862 
Crude protein 14.5 1336   1676   2354   3704   6528 12885 
Dig. protein 9.5   875   1098   1542   2427   4277   8442 
Crude Fibre 25.0 2303   2889   4059   6386 11255 22215 
Oil 2.5   230     289     406     639   1126   2222 
NFE 50.6 4661   5874   8215 12926 22780 44964 
Ash 7.5   691     865   1218   1916   3376   6665 
According to the criteria of Boudet and Riviere (1968), Pterocarpus lucens is an excellent fodder 
with a net energy value of 5.9 MJ/kg DM, a digestible protein content of 9.5 per cent and a 
nutritional ratio of 125. Calcium and phosphorus are both adequate at 1.1 and 0.14% 
respectively although the Ca:P ratio at almost 8:1 is unbalanced while the magnesium content is 
0.4% giving a good Ca:Mg ratio of 2.75:1. 
To simplify the effects on carrying capacity of fuelwood consumption, it is therefore proposed to 
confine the calculations to dry matter intake. While there is still some controversy over the DM 
requirements of domestic ruminants, and while current work in Mali indicates that DM intake 
may be as high a 3.2 kg/100 kg liveweight (l.w.) at certain times of the year (Dicko-Touré, pers. 
comm.), the average year round requirement is probably of the order of 2.5 kg/100 kg l.w. for 
bovines although it may well be as high as 5.0 to 6.0 kg/100 kg l.w. for caprines (Le Houérou, 
1978; Gihad, 1978). The daily requirement for a Tropical Livestock Unit of 250 kg l.w. is thus a 
minimum of 6.25 kg DM, equivalent to 2.3 tonnes DM per annum. Reductions in potential 
carrying capacity due to removal of browse for fuelwood will thus be of the order of 4,000 TLU in 
1980 increasing to 38,650 TLU in the year 2000 A.D. These figures do not include the reduction 
of carrying capacity for meat and milk-producing animals occasioned by the increase of animals 
required for transport. This would probably be in the region of a further 5,000 TLU by 2000 A.D., 
including the breeding herd of donkeys necessary to maintain a working population of 1,500 
donkeys. 
Discussion 
This paper has attempted to assess developments, over a 20 year period, of the effects of 
fuelwood requirements on browse production and carrying capacity. This has been done on the 
basis of current knowledge using parameters which are more or less correct at the present time. 
In this respect the predictions are likely to be optimistic. For example, it has been assumed 
throughout that consumption for fuelwood is confined to renewable supplies of wood and that 
fodder production lost is only the current year's production. Both these assumptions are likely to 
be false. Renewed cutting is likely to destroy the trees, which will require recourse to ever larger 
areas to provide requirements. We have already seen a more than 500% increase in 
"degradation" between 1952 and 1975. It has also been shown (Hiernaux, 1980) that 
degradation by overgrazing and fuel cutting causes a reduction in total cover of Pterocarpus 
lucens from 15% to 2% and in relative cover from 68% to 8% and that the number of trees is 
reduced from 90 to 40. Natural tree mortality will be responsible for some of this loss but this is 
probably insignificant in relation to total losses. Some utilization of the potential loss of foliar 
production also occurs: for example, bundles of P. lucensleaves sold in Niono total, at present, 
the equivalent of 1,250 kg of foliar DM per week but this is only about one per cent of fuelwood 
use. 
It is evident, therefore, that effects are not going to be as simple as presented here. Additional 
effects from erosion and from soil impoverishment will be cumulative. The probable reduction in 
the ability of cattle to utilize coarse standing hay as a result of the non-availability of the high-
energy, high protein browse fodder also needs to be considered. The effects on goats, which 
spend more than 90% of their pasture time on browse in the Niono area (Dicko-Touré, pers. 
comm.) will be even more serious. 
The solutions to the problem of fuelwood supply are in theory well known, even outside the 
improbable solutions (at least on our time scale) of solar or fossil fuel energy. Niono is perhaps 
more fortunate than many similar areas in its location in relation to the Office du Niger irrigation 
scheme. Many areas unsuitable for annual crops, such as drain tails and high and low areas, 
could provide ideal sites for wood fuel crops. If a situation at least as depressing as the one 
depicted in this paper is not to develop, action needs to be taken immediately to make these 
sites productive.. 
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1. Introduction 
Knowledge on browse species and their utilization by animals in Africa is certainly by no means 
negligible, especially in non-tropical Africa, but the knowledge is sporadic, partial, scattered, 
often qualitative and distributed, if not actually buried, in a mass of literature dealing with grazing 
problems in general. 
It was therefore logical and desirable to bring this aspect of African grazing to light — since it is 
often neglected, although important — and hence the idea of gathering together in a single 
volume all the data available so as to draw up a balance sheet of knowledge and gaps in 
knowledge on this subject. 
The mass of material gathered together for this symposium clearly illustrates two points: 
a) There exists a plentiful body of data on the browse species used by domestic and wild 
animals, their ecology, their geographical distribution, their relative palatability for different 
animals and their chemical composition and theoretical feed value. Although the knowledge is 
far from exhaustive, especially for East and southern Africa, it may provisionally be considered 
satisfactory. 
b) There exist far fewer data on the biology and productivity of browse species, either 
individually or in populations, the dynamics and demographic characteristics of populations, 
their real nutritive value, their utilization by animals and their reactions to the various 
management methods and treatments to which they are subjected. In these fields we are 
dealing more with the confession of a `state of ignorance' rather than the profession of a `state 
of knowledge'. 
2. Biology and productivity 
Certain biological aspects are understood for a few species. These include, naturally 
enough, Faidherbia albida and Acacia Senegal in the inter-tropical zone and to a lesser degree 
species such asAcacia tortilis and Balanites aegyptiaca. In the Mediterranean zone the 
cultivated species are of course the best known, but they are limited to a small number: a 
few Atriplex species, some Cacti(primarily O. ficus-indica), a few exotic 
phyllodineous Acacias, the mulberry, the olive tree, the locust tree and American vines. 
Studies on the biology of browse species, such as those undertaken by Poupon on Acacia 
senegal and Commiphora africana, those by Cissé on Combretum aculeatum, Feretia 
apodanthera, Cadaba farinosa and Acacia seyal, those of Grouzis and Sicot on the phenology 
of Acacia tortilis, A. nilotica, Balanites aegyptiaca, Combretum aculeatum, Guiera senegalensis, 
Boscia senegalensis andZiziphus mauritania, those of Pellew on Acacia tortilis, A. hockii and A. 
xantopholea, those of Dayton on Combretum spp. are the kind of work which should be 
encouraged, since they are likely to be important in terms of application as regards the 
management of populations and the domestication of these species. In the dry tropics the study 
of the Capparidaceae deserves high priority owing to their high palatability and considerable 
feed value. These include Maerua, Bocia, Cadaba, Capparis and Crataeva etc, while Salvadora 
persica constitutes a salt cure all by itself. 
It should be noted that the phenomenon of pre-rainy season leaf growth, which is so astonishing 
in the Sahel and Sudanian zones and in the Miombo and which has fascinated generations of 
botanists and physiologists, would appear to have been rationally explained (see the 
contribution by Walker), but this will have to be verified on Sahelian and Sudanian species. The 
new leaves would appear to emerge uniquely on account of the translocation of water and 
nutritive elements within the plant. Transpiration does not appear to take place owing to the 
presence of a thick waxy cuticle on the young leaves until the moment at which the rains arrive. 
The counter-phased phenology of Faidherbia remains the subject of conjecture and speculation, 
defying the expertise of botanists. A careful study of the phenology of colonies, specially in 
areas with a bimodal rainfall regime, would undoubtedly throw some light on this dark subject. 
According to the qualitative observations made in Mali (Hiernaux and Cissé, pers. comm.) it 
appears that a genetic factor is involved: the same individuals appear to present the same 
phenological characteristics from one year to the next. Determination of the part played by 
environment and heredity in the displacement of the phenological stages is a subject of very 
great interest, likely to lead to highly important applications in the management of colonies and 
the establishment of plantations. Investigations at farm level would probably enable working 
hypotheses based on empirical knowledge to be constructed. 
Productivity per individual, per species and per colony still presents many problems. It is true 
that the determination of allometric relationships has enabled progress to be made, but the 
method also has its limits. The regression curves cannot necessarily be extrapolated from one 
colony to another, nor from one region to another for a given species (see the contribution by 
Bille). The uncertainty grows even greater when multi species colonies are involved (which is 
the usual case). 
As far as consumable biomass is concerned, it is necessary to fall back on simplifying theories 
as to accessibility as a function of the animal involved. It is thus hopeless to expect a degree of 
accuracy in the measurements comparable to the precision which can be achieved for grass 
cover. 
Moreover, it is appropriate to ask, as Harrington and Wilson have done, whether such accuracy 
is in the end necessary or even desirable. 
Estimates of the productivity of populations over wide areas have rarely been done through 
measurements, although this is the final objective which will enable budgets to be assessed on 
a regional basis using phytosociological inventories and maps. The attempts by Hiernaux (see 
contribution to this symposium) show the way forward in this field. Almost all other 
measurements have been carried out on a pin-point basis (Poupon, Bille, Cissé, Menaut, 
Malaisse, Pellew, Dayton, etc.) and can be extrapolated only with difficulty owing to the absence 
of detailed regional inventories, including mapping and population studies of browse plant 
associations. 
3. Nutritive value 
The nutritive value of browse is a subject full of uncertainty, contradictions and controversies. It 
cannot but be so for as long as the many detailed studies on indigestibility, digestibility and 
animal performances which are needed have not been carried out. 
Nutritive value varies considerably from one browse species to another, from one plant part to 
another and from one phenological stage to another for a given plant part. In vivo and in 
vitro digestibility of organic matter for example, can vary from over 70% to under 30% according 
to the species, the plant and the phenological stage. It is unlikely that under these conditions it 
will be possible to discover an overall applicable regression curve which takes this factor into 
account on the basis of data obtained by chemical analysis, even using the most recently 
developed methods such as the determination of 1) the levels of cell-walls (or fibre which is 
insoluble in neutral solvents - neutral detergent fibre); 2) the cellular content and 3) cellulose 
and lingo-cellulose which is insoluble in acids (acid detergent fibre). 
These methods give results which have an excellent correlation with the digestibility coefficients 
of classical forages. But it is unlikely that the same will be true for many browse plants in which 
the high tannin content in particular may well subtract some of the nutrients from the digestive 
process, especially as regards the action of microflora (anti-nutrients or digestibility inhibitors). 
Research work should therefore be directed in two complementary directions (see the 
contributions by Harrington and Wilson, and by Dicko-Touré): 
1. Determination of the absolute intake limit for a species, and of the limit for each 
phenological stage; 
a) Determination of in vivo and in vitro digestibility, the first of which presupposes 
in many cases actually cropping the species to be tested so as to have enough 
plant material present at the right moment 
b) Determination of voluntary intake on pasture and any variations in this during 
the annual cycle and periods of feed scarcity (bite counting, utilization of 
fistulated animals, calculations of times spent on browsing, etc.) 
2. Study of animal performance under real life systems on pastures with and without 
browse, but otherwise identical. A study of this kind was carried out at the Ekrafan ranch 
in Niger in 1976 by Granier, using two traditional herds of Fulani cattle. The herd 
supplied with browse plants survived the dry season without difficulty, whereas the herd 
which only had dried annual grasses showed very serious signs of protein and vitamin A 
deficiency early in the second half of the dry season (amaurosis, as it is known to 
veterinary science). The deficiency became so acute that the experiment had to be 
stopped before it was finished, for fear that a large part of the herd would die. See also 
the papers by Pellew and by Dumancic and Le Houérou in this volume. 
It would obviously be very interesting to resume trials of this kind under various ecological 
conditions so as to gain an objective picture of the role of browse plants in various types of 
pasture and environment. 
4. Reaction of browse plants to various management treatments 
Most browse species require intervention by man to effect optimal utilization by animals. Trees 
grow naturally out of reach of most animals (except for the giraffe, which can reach branches at 
a height of 5m). Some shrubs have an intricate habit which makes a fair amount of the available 
forage inaccessible to animals. In both cases the trees and shrubs have to be subject to some 
kind of cutting (see Piot, Lawton, Boudet and Toutain, Cissé). Numerous methods exist, such as 
cutting back, lopping, pruning, and trimming, varying to some degree or other according to the 
species and the management method. 
It would therefore be useful to test the reaction of the important and cultivated species to the 
various methods at different intervals of utilization and for the period at which intervention 
should be practised so as to maintain optimum yield conditions. The work of Cissé in this 
respect is a model which should be followed and copied. 
In the Mediterranean zone it is known that phyllodineous Acacias and Atriplex have to be cut 
back periodically. But as far as I know nobody is in a position to say what the ideal interval for 
cutting back as a function of environment is, nor what the maximum intensity of utilisation 
compatible with sustained yield should be. 
As Piot has done, it may be reasonably assumed that thinning out in many cases constitutes an 
ideal practice, but this is not necessarily true everywhere and for all species. Polling and 
clumping, for example, seem particularly suitable for mulberries. 
For some species the question of whether to try for leaf and branch production, fruit production 
or mixed leaf, fruit and wood production arises. This is the case for Faidherbia albida, Acacia 
tortilis, Acacia nilotica subsp. arabica and Prosopis cineraria. To my knowledge, no experiments 
of this sort have yet been undertaken, despite the obvious value which this would represent. 
Empirical tests would apparently be of little help, at least in the case of Faidherbia, since the 
three types of utilization are found at farm level. 
5. Genetic investigations and improvements 
Browse plants generally form genetically heterogenous populations in which variability has 
rarely been studied. The work of Liacos, Moulopoulos and Papanastasis on Quercus 
Coccifera in Greece provides a shining exception. The work of Sarson and Hamrouni on Atriplex 
halimus in Tunisia could also be cited, since it ended in the selection of an ecotype with high 
palatability. Similar work has been undertaken on A. nummularia in South Africa (De Kock). The 
work of Australian scientists (Hutton, Jones) on Leucaena undertaken as part of the search for 
productive varieties with low mimosine levels, as well as that of Felker et al on 
American Prosopis varieties, clearly have very great interest. 
Cloning is a technique which greatly facilitates the work of selecting ligneous varieties (Franclet 
and Le Houérou, Van Epps and McKell). However, almost nothing is known on the heritability of 
characteristics isolated by cloning, when clones are subsequently sexually multiplied. 
I would be inclined to agree with McKell on this point and say that seeking high palatability types 
is not necessarily and always desirable. There is sometimes an advantage in keeping types with 
moderate palatability whenever control of herd management is inadequate. There may also be 
some advantage in preserving genetic diversity, for example as regards early or late seasonal 
leaf growth, the setting of fruit, the habit (fastigiated, recumbent, prostrate, intricate etc.). 
6. The search for less costly establishment methods 
The classical way to establish plantations consists of planting out young plants which have been 
raised in the nursery. This method has the advantage of providing a high success rate, 
especially in the arid and semi-arid zones. 
However, the cost of this method is high (around US$ 0.3 - 0.5 per tree or shrub), which often 
makes the operation prohibitive for the small holder or herdsman. 
It is therefore sensible to look for less expensive methods, such as direct drilling combined with 
soil preparation techniques which will provide the young plants with adequate supplies of water 
and protect them from competition from native species. Some successful results have been 
achieved (Malcolm et al, Benjamin, Savory et al), but with a small number of species. 
7. Research on defensive live-hedges 
In the Mediterranean zone quickset hedges are an effective and inexpensive means for 
protecting plantations and combating erosion by partitioning of slopes. The main varieties used 
are spiny cacti,Acacia horrida, Aberia cafra, Agave americana and dead hedges made 
of Ziziphus lotus (the word "zeriba", meaning an enclosure of spiny wood would appear to be 
derived from the arab word "seder", the name for the jujube tree). In the tropics dead hedges 
using acacia (A. seyal, Faidherbia, A. nilotica, Dichrostachys, etc.) are used to protect cultivated 
fields, and for enclosures around dwellings, etc. Because of termites they rarely last for more 
than two seasons and their constant renewal is the cause of the onslaught on tree populations. 
Research on the establishment of live hedges, especially various varieties 
of Acacia and Capparis, could certainly make some indirect contribution to the protection of 
woodlands and of cultivated land against erosion. It is true that quickest hedges have a number 
of drawbacks since they provide homes for undesirable species such as rodents, granivorous 
birds etc. But here again a balanced situation usually develops and it can be said that, at least 
as far as the Mediterranean zone is concerned, the advantages far outweigh the disadvantages. 
Some species of Euphorbia are traditionally used as fences in tropical Africa: E. balsamifera in 
West Africa, E. grandis, E. candelabrum, E. tirucalli in East Africa. 
8. Research priorities 
Four basic themes seem to have top and equal priority, since the pursuit or abandonment of 
research on such and such species or such and such a group or community would appear to 
depend on the results obtained in the study of these topics. The four topics are interdependent, 
since each taken in isolation has very little significance in terms of utilization by animals. The 
themes are: 
1. Production potential (productivity); 
2. Animal intake and preference; 
3. Real nutritive value and digestibility; 
4. Ecological adaptation and ability to regenerate naturally. 
In point of fact it is only when a species is ecologically adaptable, productive, sought after by the 
animals, of good feed value and able to propagate that it is relevant to continue more complex 
and longer term studies on its biology, physiology and genetic properties, or still further studies 
on its population dynamics, response to management and the regeneration of populations. 
In natural stands the relationship between the ligneous community and the grass cover 
deserves more detailed study. In some cases especially when the pasture is in good condition, 
the browse population tends to curb grass production or at least to differentiate it. In other 
situations where the pasture is degraded to a greater or lesser degree, the opposite may be 
observed: the ligneous stratum increases the productivity and prolongs the growth of the grass 
stratum. These studies would obviously have immediate application to management principles, 
strategies and methods for rangeland. 
The study of population dynamics in ligneous stands would also provide good feedback on the 
state of equilibrium and ecological health of rangelands, especially savanna rangeland. It could 
provide a means of early detection of trends and for this reason it is highly relevant in monitoring 
operations. 
The search for less expensive methods for establishing plantations remains a valid priority, 
provided that the four basic conditions referred to above are fulfilled. Studies on the reaction of 
plants to various management methods, in particular for the species utilized in agroforestry, is a 
prerequisite if their utilization is to be optimized. 
The study of animal behaviour should enable the structure and composition of herds to be better 
adapted so as to encourage optimum utilization of browse. In many cases mixed herds seem 
likely to take better advantage of resources, taking into account any possible intervention by 
wild herbivores. 
Scanning populations in the search for species or ecotypes with clearly defined desirable 
characteristics should remain the basis of genetic improvement. In the tropics, particular 
attention should be paid to Capparidaceae and the possibility of domesticating these species 
and using them on plantations. 
The development of semi-intensive mixed systems using grass and ligneous species, both 
feasible and suitable for extension in the smallholder system of the humid and sub-humid inter-
tropical zone, such as the combination Leucaena and Panicum maximum in the Guinean zone 
of Ivory Coast, should be encouraged. 
Finally, the participation of socio-economists in research teams is needed, so as to orient these 
teams towards acceptable solutions suitable for extension and, wherever possible, to contribute 
to the acceptability or extension of new technology. 
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Conclusions and recommendations(1) 
1 Original: French; prepared by M. Skouri and H.N. Le Houérou 
A symposium on browse in Africa was organised by ILCA at its Headquarters at Addis Ababa 
from 8 to 12 April, 1980. 
Some fifty specialists attended representing the following disciplines: ecology, forestry, animal 
husbandry, zoology, range management, nutrition, economics, sociology, agronomy, veterinary 
science. 
After having heard or read some 50 papers (including 14 regional and sectorial reports) the 
participants reached the following conclusions and recommendations. 
1. Analysis of the present situation 
Browse species play an important role in the extensive animal production systems of 
Mediterranean and inter-tropical Africa. The role varies from one ecological zone to the next, 
becoming greater as the zone becomes more arid. Likewise the fragility of browse ecosystems 
increases with the degree of aridity. 
For several decades browse has been disappearing at an ever increasing pace, thus 
jeopardizing the future of animal production under the extensive systems of the arid, semi-arid 
and montane zones which contain over 60% of African livestock. 
On the other hand, encroachment of undesirable woody plants sometimes constitutes a break 
on the animal production systems in the sub-humid and humid zones. 
Regeneration of trees and shrubs thus appears to be a prerequisite to improving animal 
production systems in the arid, semi-arid and montane zones and to controlling erosion and 
expanding desert encroachment. 
Browse is the very basis of the diet of camels, goats and many wild herbivores and it plays a 
vital role as a complementary source of proteins, minerals and vitamins for cattle and sheep 
during the dry seasons. 
Furthermore, browse plays a specific role in the dynamics of African rangeland ecosystems 
because of its phenology and perenniality. It is also important in efforts to control erosion, 
maintain soil fertility, provide fuelwood, various craft items, pharmacopoeia and food for people. 
Since time immemorial, herders, nomads and sedentarised farmers, as users of browse, have 
recognised its importance. Rural populations make great use of woody plants in their strategies 
of subsistence or market production, but in some cases overexploiting them to the point of 
destruction. Conversely, until recently, both scientists and technicians have underestimated the 
role of browse in animal production, as a result of difficulties in quantifying the primary 
production of browse and its use by livestock and wild animals. 
Animal production specialists have, in the past, found it more important to study and improve on 
the grazers (cattle and sheep) than on the browsers (goats and camels). 
In the last century, traditional extensive animal production systems maintained an equilibrium 
with the environment, in keeping with the low human and animal population densities. 
Progress in medical and veterinary skills during the last few decades, however, has led to a 
considerable increase in human and animal populations, thus upsetting the balance between 
supply and demand, and causing environmental degradation (desertization). 
This imbalance grows worse by the day and constitutes a very serious threat to extensive 
animal production systems in Africa. 
It seems necessary to find a new equilibrium which, in many cases, requires regeneration of 
tree/shrub populations through appropriate management methods and the intensification of 
browse production, especially through plantation operations wherever they are technically 
possible, economically viable and socially acceptable. 
Extensive animal production development projects generally have to cope with socio-economic 
constraints which are the result of the disruption of traditional socio-economic structures. This 
disruption causes situations of conflict among groups of herders on the one hand and between 
herders and farmers on the other. These conflicts have a strong detrimental effect on resources 
management. It is often triggered by interventions — of laudable intent — but based on studies 
that do not give sufficient attention to socio-economic considerations. These interventions often 
seek to settle herders in unsuitable areas and integrate them into a trade economy. Moreover, 
traditional adaptive mechanisms are not tailored to cope with the demand resulting from the 
heavy population increase. The present situation will only improve if the socio-economic system 
is restructured for the purpose of improving the present management systems and imparting 
greater responsibility to the herders by having them participate more intimate in managing their 
lands. This entails developing management models that are better adapted to the new situation 
created by the pressure of population and the expectations of a higher standard of living. 
2. Conclusions 
On the basis of the above considerations, the symposium stressed: 
1. The importance of implementing pastoral zone development strategies in the various 
African countries, based on an integrated ecological approach and aimed at ensuring 
rational use of natural resources and improving the standard of living of the people; 
2. The need to develop research programmes that meet the socio-economic development 
requirements of the countries concerned and that are designed to overcome gaps in 
knowledge of the main fields related to the exploitation methods for the rational use of 
grazing lands especially those in which browse species are prevalent. 
3. In order to achieve these objectives, the symposium participants concluded: 
a. that it is necessary to identify a number of rangelands or pastoral ecosystems 
where browse is an integrated part of the system and to monitor the utilization of 
browse within these systems and to further study the structures and functioning 
of "grazed ecosystems", stressing browse. 
b. thorough analyses of animal production systems based on grazing lands which 
comprise various proportions of browse should be conducted; these analyses 
should focus on technical, as well as institutional, legal and socio-economic 
aspects; 
c. it is proposed that management models of these rangelands or pastoral 
ecosystems should be constructed so that new techniques may be introduced in 
order to increase productivity thereby improving the living conditions for 
pastoralists, while conserving natural resources. 
4. It is concluded that research programmes and studies are required on the most common 
and representative browse species found in the major ecological zones; which are or 
might be, important in livestock and wildlife diets, with particular emphasis on: 
a. the biology and physiology of these species; 
b. breeding and genetic improvement to prepare productive material, which are 
adapted to the climatic conditions in the main ecological zones; 
c. the dynamic relationships between browse and grasses; 
d. the demography and dynamics of browse ecosystems in the main ecological 
zones and under various exploitation systems; 
e. preparing low cost plantation and regeneration methods and techniques, 
including agro-forestry methods; 
f. determining their nutritive value with particular reference to digestibility and 
methods of exploitation on a sustained yield basis; 
g. formulating herd feeding and management plans that optimize the available 
fodder resources, including browse species; 
h. establishing methods and techniques of fencing with defensive live hedges; 
i. developing semi-intensive grass-browse systems suitable for extension in the 
humid inter-tropical zones. 
5. Comparing the performance of different domestic and wild herbivores that consume 
browse with a view to adapting herd structure and composition according to the type of 
vegetation available. Amongst the domestic animals, special attention should be given to 
camels and goats, which have been neglected in the past; 
6. Describing the influence of wild herbivores on various ecosystems and the role these 
animals can play in optimizing the use of available browse by diversifying the consumer 
resource base for animal protein production. 
7. Studying the effects on agro-pastoral systems of integrating browse species and the 
possibilities of management and utilization of these species; 
8. Encouraging research on methods to evaluate primary and secondary production and to 
monitor pastoral browse ecosystems; 
9. Assisting in defining and designing administrative measures and regulations for 
enforcing laws on rational rangeland management and protection with particular 
reference to non-destructive methods of chopping branches of browse trees. These 
methods should be included in pastoral and forestry codes. 
10. More important emphasis should be put on curricula and training programmes in African 
countries for the management of grazing ecosystems including the role of browse in the 
equilibrium of those systems. 
3. Recommendations 
In order to ensure efficient implementation of the above conclusions the participants felt it was 
necessary to promote international cooperation in the field of browse and it uses. This 
cooperation should be channeled through a programme that brings together various national, 
bilateral and international development and research organizations. The following 
recommendations are therefore presented: 
ILCA should play a leading role in ensuring the implementation of such a programme which 
should include: 
1. early publication of the report of this symposium which should be broadly disseminated 
to appropriate countries and organizations; 
2. establishment of a browse documentation system open to all research and development 
organizations in Africa; 
3. publication of a periodical newsletter containing information on scheduled or ongoing 
development projects and research and rapid dissemination of the main results 
obtained.; 
4. establishment of a seed bank and exchange of genetic materials; 
5. production of browse-related research and development projects; 
6. introduction of a coordination mechanism designed to ensure rational distribution of 
research on improving the use of resources and to avoid duplication; 
7. ILCA serving as a catalyst by working with other national, bilateral and international 
research and development organisations such as FAO, UNESCO, CTFT, IBRD, IBAR, 
ICRAF, IEMVT, ODM, ORSTOM, USAID, IDRC, SIDA, CILSS, UNDP and others. 
8. convening, on the initiative of ILCA, a meeting as early as possible devoted to the 
implementation of the aforementioned cooperative programme. 
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